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(54) Axle unit for driving a vehicle wheel 

(57) A compact and light weight axle unit with good 
durability and reliability for driving a vehicle wheel is pro- 
vided wherein the splined bore 28 of the hub 6a is en- 
gaged with the splined shaft 30 of the drive shaft mem- 



ber 29, and a stop ring 35 is held between the outer en- 
gagement groove 25 on the inner peripheral surface of 
the splined bore 28 and the inner engagement groove 
24 on the outer peripheral surface of the splined shaft 
30 to prevent the splined shaft 30 from being removed. 
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Description 

Field of the Invention 

[0001] The present invention relates to an axle unit for 
driving a vehicle wheel, being a so-called fourth gener- 
ation hub unit, used for rotatably supporting a driven 
wheel (the front wheels of an FF vehicle (front engine, 
front wheel drive vehicle), the rear wheels of an FR ve- 
hicle (front engine, rear wheel drive vehicle), the rear 
wheels of an RR vehicle (rear engine, rear wheel drive 
vehicle) and all wheels of a 4WD vehicle (four-wheel- 
drive vehicle)} supported on an independent suspen- 
sion, relative to the suspension unit, and driving the driv- 
en wheel. The fourth generation hub unit has a hub unit 
and a constant velocity joint detachably combined with 
each other. 

Description of the Background 

[0002] Various kinds of axle units have heretofore 
been used, in which an outer ring and an inner ring are 
rotatably combined via rolling members in order to ro- 
tatably support a wheel on a suspension unit. It is nec- 
essary for the axle unit used for supporting the driven 
wheel on the independent suspension and rotatably 
driving the driven wheel, to smoothly transmit the rota- 
tion of the drive shaft to the wheel (while ensuring con- 
stant velocity); in combination with a constant velocity 
joint, regardless of relative displacement between the 
differential gear and the driven wheel and the steering 
angle imparted to the wheel. The axle unit for driving the 
vehicle wheel, which is a so-called fourth generation hub 
unit, can be combined with such a constant velocity joint 
and can be constructed relatively compact and light- 
weight. Such an axle unit has heretofore been disclosed 
in Japanese Patent Publication Tokukai Hei No. 
7-317754, or in US Patent No. 5,674,011. 
[0003] FIG. 36 shows one example of a conventional 
construction disclosed in Japanese Patent Publication 
Tokukai Hei No. 7-317754. An outer ring 1 which does 
not rotate while being supported on the suspension unit 
when incorporated into the vehicle, has an outward 
flange shaped attachment portion 2 for supporting the 
outer ring on the suspension unit, on the outer peripheral 
face thereof, and two rows of outer ring raceways 3 on 
the inner peripheral face thereof. 

[0004] On the radially inner side of the outer ring 1, a 
hub 6 formed by combining a first element 4 and a sec- 
ond element 5 is disposed. Of these, the first element 4 
is formed in a cylindrical form having an mount flange 7 
for supporting the wheel on one end side (on the left end 
side in FIG. 36), and an inner ring raceway 3 on the other 
end side (on the right end side in FIG. 36). The second 
element 5 has on one end side (the left end side in FIG. 
36) a cylindrical portion 9 for externally securing the first 
element 4, and on the other end side (the right end side 
in FIG. 36) a housing 11 which is the outer ring of a con- 



stant velocity joint 10 of a Rzeppa type, with the inner 
ring raceway B arranged on the outer peripheral face of 
the middle part thereof. 

[0005] By disposing a plurality of rolling members 1 2, 
s respectively between the outer ring raceways 3 and the 
inner ring raceways 8, the hub 6 is rotatably supported 
on the inside of the outer ring 1 . 
[0006] In a position where the inner peripheral face of 
the first element 4 and the outer peripheral face of the 
io second element 5 are joined in an aligned manner, an 
outside engagement groove 1 3 and an inside engage- 
ment groove 1 4 are respectively formed, and a stop ring 
15 is provided between and engaged into these engage- 
ment grooves 13, 14, thereby preventing that the first 
is element 1 from coming away from the second element 
5. 

[0007] Moreover, a weld 1 7 is applied between an out- 
er peripheral rim portion on one end face (the left end 
face in FIG. 36) of the second element 5 and an inner 
20 peripheral rim portion of a stepped portion 1 6 formed on 
the inner peripheral face of the first element 4, to se- 
curely connect the first and second elements 4 and 5 to 
each other. 

[0008] Furthermore, substantially cylindrical covers 
25 18 made of metal such as stainless steel plate, and cir- 
cular seal rings 19 made of a resilient material such as 
rubber or elastomer are provided between the opening 
portions at opposite ends of the outer ring 1 and the out- 
er peripheral face in the middle part of the hub 6. On the 

30 inside of the middle part of the second element 5, an 
isolating member 20 for closing off the inside of the sec- 
ond element 5 is provided. These covers 18, seal rings 
19 and isolating member 20 shut off the portion where 
the plurality of rolling members 12 are installed, or the 

35 portion of constant velocity joint 10, from outside, and 
prevent grease existing inside the portion from leaking 
to the outside as well as preventing the ingress of foreign 
matter such as rainwater, dust or the like. 
[0009] The constant velocity joint 10 comprises the 

40 housing 1 1 , an inner ring 21 , a retainer 22 and a plurality 
of balls 23. The inner ring 21 is fixed to a tip end of a 
drive shaft (not shown) which is rotatably driven via a 
transmission by an engine. On the outer peripheral face 
of this inner ring 21, there are respectively formed in a 

45 direction at right angles to the circumferential direction, 
six inner engagement grooves 24 having a section of an 
arc when cut on a virtual plane orthogonal to the central 
axis of the inner ring 21 , at even spacing in the circum- 
ferential direction. 

50 [001 0] At a position opposite to the inner engagement 
grooves 24 on the inner peripheral face of the housing 
11, there are similarly formed respectively in a direction 
at right angles to the circumferential direction, six outer 
engagement grooves 25 having a section of an arc. 

55 [0011] The retainer 22 is formed in an overall annular 
shape, having a section of an arc, and is held between 
the outer peripheral face of the inner ring 21 and the 
inner peripheral face of the housing 11 . Pockets 26 are 
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respectively formed in the retainer 22 at the six positions 
in the circumferential direction thereof, being positions 
aligned with the inside and outside engagement 
grooves 24 and 25, and the above-mentioned balls (six 
in total) are retained therein, one inside each of the 
pockets 26. These balls 23 can be freely rolled along 
the inside and outside engagement grooves 24 and 25, 
while being retained in each pocket 26, respectively. 
[001 2] When the axle unit for driving the veh icle wheel 
constructed as described above is fitted to a vehicle, the 
outer ring 1 is supported on the suspension unit by the 
attachment portion 2, and the driven wheel is fixed to 
the first element 4 by the mount flange 7. 
[0013] The drive shaft (not shown) is rotatably driven 
via the transmission by the engine, and the tip portion 
of the drtve shatt is spline-engaged to the inside of the 
inner ring 21 of the constant velocity joint 10. At the time 
of driving an automobile, the rotation of the inner ring 21 
is transmitted to the hub 6 including the second element 
5 via the plurality of balls 23 to rotatably drive the driven 
wheel. 

[001 4] FIG. 37 shows a second example of a conven- 
tional construction which is disclosed in the abovemen- 
tioned US Patent No. 5,674,01 1 . In the case of the sec- 
ond example of conventional construction, two rows of 
outer ring raceways 3 are disposed on the inner periph- 
eral face of the outer ring 1 which does not rotate at the 
time of use, being internally fixed to a knuckle 40 of a 
suspension unit 

[0015] A mount flange 7 for supporting the wheel, is 
disposed on one end side (on the left end side in FIG. 
37) of the outer peripheral face of the hub 6a, and two 
rows of inner ring raceways 8 are disposed on the other 
end side (on the right end side in FIG. 37) via a pair of 
inner rings 50. The inner rings 50 are supported and se- 
cured to the body of the hub 6a by means of a crimped 
portion 27 formed by bending the other end of the hub 
6a radially outward. 

[0016] A plurality of rolling members 12 are respec- 
tively disposed between the outer ring raceways 3 and 
the inner ring raceways 8 to rotatably support the hub 
6a inside of the outer ring 1 . 

[001 7] A splined bore 28 is provided in the centra I por- 
tion of the hub 6a. The hub 6a and a drive shaft member 
29 are thus combined to form an axle unit for driving a 
vehicle wheel. On one end side of the drive shaft mem- 
ber 29, there is provided a splined shaft 30 engaging 
with the splined bore 28. In addition, on the other end 
side of the drive shaft member 29 is a housing 11 which 
is the outer ring of the constant velocity joint. The drive 
shaft member 29 and the hub 6a are combined together 
such that the splined shaft 30 is inserted into the splined 
bore 28, and a coupling member 31 made of a resilient 
material is interlockingty engaged with the members 29 
and 6a to thereby prevent separation. The coupling 
member 31 is provided with encoders 32 made of a 
magnetic material or a permanent magnet to make it 
possible to detect the rotation speed of the two members 



29 and 6a. 

[0018] FIG. 38 shows a third example of a conven- 
tional construction which is disclosed in Japanese Utility 
Model Registration No. 2,573,325. In the case of the 
s third example of conventional construction, a hub 6b is 
spline-engaged with a portion of an end of an axle 92 
exposed from the end of an axle pipe 93. The hub 6b is 
rotatably supported by rolling members arranged in two 
rows inside of a fixed outer ring 1a. 
w [0019] In addition, a stop ring 15a in the form of a seg- 
ment circle is engaged in an engagement groove 94 
formed in the tip portion of the axle 92 at a portion pro- 
jecting from the spline engagement with the hub 6b, to 
prevent the hub 6b from coming out from the axle 92. 
?5 [0020] FIG. 39 shows a fourth example of a conven- 
tional construction which is disclosed in US Patent No. 
4,881 ,642. In the case of the fourth example of conven- 
tional construction, a hub 6c is rotatably supported by 
two rows of rolling members inside of an outer ring lb 
fixed to a knuckle 40. 

[0021] A splined shaft 30 is spline-engaged with a 
splined bore 28 formed in the central portion of the hub 
6c. In addition, a housing 11 which is the outer ring of 
the constant velocity joint is disposed on the base end 
(the right end in FIG. 39) of the splined shaft 30. On the 
tip end face (the left end face in FIG. 39) of the splined 
shaft 30, is formed an attachment portion 95 for engag- 
ing with a toot for pulling the splined shaft 30 into the 
splined bore 28. 

[0022] The hub 6c is prevented from coming out from 
the splined shaft 30 by a stop ring 15b fitted in the en- 
gagement groove formed in a portion on the tip end side 
on the outer peripheral face of the splined shaft 30. In 
this condition, a resilient ring 96 is resiliently com- 
pressed between the hub 6c and the housing 11 to pre- 
vent play of the hub 6c on the splined shaft 30. 
[0023] FIG . 40 shows a fifth example of a convention- 
al construction which is disclosed in US Patent No. 
5,492,417. In the case of the fifth example of conven- 
tional construction, a hub 6d is rotatably supported by 
two rows of rolling members inside of an outer ring 1c 
fixed to a knuckle 40. An inner ring 50 externally fitted 
to the hub 6d is prevented from moving axially, with a 
stop ring 97 fitted in the hub 6d. 

[0024] In addition, the tip portion of a sleeve 98 (the 
left end in FIG. 40) of a constant velocity joint, which is 
spline-engaged with the axially inner end (the right end 
in FIG. 40) of the hub 6d covers the stop ring 97 to pre- 
vent the stop ring 97 from coming off from the hub 6d. 
[0025] A stop ring 15c is positioned between and en- 
gaged with the outer peripheral face of the inner end of 
the hub 6d and the inner peripheral face of the sleeve 
98 to prevent the hub 6d from coming out from the 
sleeve 98. A gear-like undulation portion 99 is formed 
on the outer peripheral face of the tip portion of th 
sleeve 98 so that this portion functions as an encoder. 
A rotation speed detection sensor 101 supported on the 
outer ring 1c via a seal ring 100 faces the undulation 
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portion 99 so as to detect the rotation speed of the 
sleeve 98 and the hub 6d. 

[0026] In the case of the first example of the-conven- 
tional construction shown in FIG. 36, transmission of the 
rotation force between the first element 4 and the sec- 
ond element 5 which constitute the hub 6 must be ef- 
fected by the portion of wetd 17. That is to say, it is nec- 
essary to transmit a large torque for driving, between 
the first element 4 for supporting the wheel and the sec- 
ond element 5 coupled to the drive shaft. 
[0027] However, since these elements 4 and 5 are en- 
gaged with each other at their cylindrical faces, a large 
torque cannot be transmitted at the engaging faces. It 
is therefore required to transmit the large torque through 
the portion of weld 17. Hence the weld 17 needs to be 
a full peripheral built up weld in order to increase the 
strength of the portion of weld 17 sufficiently. When the 
wetd 17 is a built up weid around the whole periphery 
however, the shape of the portion of inner ring raceway 
8 formed on the outer peripheral face of the first element 
4 may be distorted, or the hardness of the portion of in- 
ner ring raceway 8 may be decreased, due to the heat 
at the time of welding. Hence the durability of the rolling 
bearing unit including this inner ring raceways 8 cannot 
be sufficiently ensured. 

[0028] In the case of the second example of the con- 
ventional construction shown in FIG. 37, since the sep- 
aration between the hub 6a and the drive shaft member 
29 is prevented by the coupling member 31 made of a 
resilient material, the function of preventing the separa- 
tion is rather uncertain. That is to say, when an automo- 
bile turns abruptly, a large cornering force is applied to 
the hub 6a in the direction of pulling this hub 6a away 
from the drive shaft member 29, based on the large 
thrust load due to a centrifugal force applied to the hub 
6a from the wheel. Therefore in the case of such a large 
force it is very difficult to reliably prevent the separation 
of the hub 6a from the drive shaft member 29, by means 
of the coupling member 31. Hence sufficient reliability 
cannot be ensured. 

[0029] The third example of the conventional con- 
struction shown in FIG. 38 relates to a so-called semi- 
floating type construction which is a non-independent 
suspension type suspension. In the case of such a con- 
struction, the splined engagement portion can be shut 
off from the outside space by the coupling portion of the 
axle pipe 93 and the outer ring 1a. Therefore, ft is not 
necessary to provide a sealing device between the axle 
and the hub to shut off the splined engagement portion 
from the outside space. The third example of such a con- 
ventional construction has a quite different basic con- 
struction from that of the present invention in which the 
driven wheel supported by an independent type suspen- 
sion is rotatably supported with respect to the suspen- 
sion unit. 

[0030] In the case of the fourth example of the con- 
ventional construction shown in FIG. 39, a member for 
shutting off the splined engagement portion from the 
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outside is not provided. Therefore, the ingress of foreign 
matter such as rain water containing dust into the 
splined engagement portion cannot be avoided. More- 
over, in the case of the construction as shown in FIG. 

5 39, in which play of the hub 6c with respect to the splined 
shaft 30 is prevented by the resilient ring 96, and the 
resilient ring 96 can be deformed due to axial load caus- 
ing sliding motion in the splined engagement portion, 
and then if foreign matter enters into the splined engage- 

10 ment portion, the splined engagement portion is worn, 
and the durability is deteriorated, which is unsatisfacto- 
ry. 

[0031] In the case of the fifth example of the conven- 
tional construction shown in FIG. 40, since the splined 

is engagement portion is disposed in a portion protruding 
inward from the inner end opening of the outer ring 1 c, 
the axial dimension of the whole axle unit for driving the 
vehicle wheel is increased, and a compact and light- 
weight structure cannot be realized. 

20 [0032] The axle unit for driving the vehicle wheel ac- 
cording to the present invention has been developed in 
order to address the above-mentioned problems. 

Summary of the Invention 

25 

[0033] An object of the present invention is to provide 
a compact and light weight axle unit with good durability 
and reliability fordriving a vehicle wheel wherein the hub 
has a splined bore which is engaged with the splined 

30 shaft of the drive shaft member, and a stop ring which 
is held between the outer engagement groove on the 
inner peripheral surface of the splined bore and the inner 
engagement groove on the outer peripheral surface of 
the splined shaft to prevent the splined shaft from being 

35 removed. 

Brief Description of the Drawings 

[0034] Fig. 1 is a cross sectional view of one half of 
40 an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0035] Fig. 2 is a view of a stop ring taken from one 
side of Fig. 1 . 

[0036] Fig. 3 is a cross sectional view of one half of 
45 an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0037] Fig. 4 is an enlarged partial view of the stop 
ring in an inserted state. 

[0038] Fig. 5 is a partial view of the splined bore taken 

so from left in Fig. 3. 

[0039] Fig. 6 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0040] Fig. 7 is a cross sectional view of on half of 

ss an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0041] Fig. 8 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
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ing a vehicle wheel according to the present invention. 
[0042] Fig. 9 is a cross sectional view of the encoder 
and resilient plate in another example of the embodi- 
ments of the present invention. 

[0043] Fig. 10 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0044] Fig. 11 is a view of part of the backing metal 
member and seal lips taken from left in Fig. 10. 
[0045] Fig. 12 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0046] Fig. 13 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0047] Fig. 1 4 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0048] Fig. 1 5 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0049] Fig 16 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0050] Fig. 17 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0051] Fig. 18 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention 
[0052] Fig. 1 9 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0053] Fig. 20 is an enlarged view of Portion XX in Fig. 
19. 

[0054] Fig. 21 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0055] Fig. 22 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0056] Fig. 23 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0057] Fig. 24 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0056] Fig. 25 is a enlarged perspeclive view of part 
of the stop ring in Fig. 24. 

[0059] Fig. 26 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0060] Fig. 27 is an enlarged perspective view of the 
stop ring in Fig. 26. 

[0061] Fig. 28 is a cross sectional view of one half ot 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0062] Fig. 29 is a cross sectional view of one half of 
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an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0063] Fig. 30 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 

5 ing a vehicle wheel according to the present invention. 
[0064] Fig. 31 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0065] Fig. 32 is an enlarged view of Portion XXXII in 

10 Fig. 31. 

[0066] Fig. 33 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0067] Fig. 34 is a cross sectional view of one half of 
is an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0068] Fig. 35 is a cross sectional view of one half of 
an example of the embodiments of the axle unit for driv- 
ing a vehicle wheel according to the present invention. 
[0069] Fig. 36 is a cross sectional partial view of one 
example of the prior art structures. 
[0070] Fig. 37 is a cross sectional partial view of one 
example of the prior art structures. 
[0071] Fig. 38 is a cross sectional partial view of one 
example of the prior art structures. 
[0072] Fig. 39 is a cross sectional partial view of one 
example of the prior art structures. 
[0073] Fig. 40 is a cross sectional partial view of one 
example of the prior art structures. 

Detailed Description of the Preferred embodiments 

[0074] The axle unit for driving a vehicle wheel in one 
feature of the present invention is combined with a con- 
stant velocity joint and comprises, like the axle unit for 
driving the vehicle wheel of the second example of the 
prior art structure shown in Fig. 37, an outer ring having 
an inner peripheral surface formed with an outer ring 
raceway and being not rotatable during use, a hub hav- 
ing an outer peripheral surface formed with a mount 
flange at a portion on one end side thereof to support 
the wheel, with an inner ring raceway at a portion on the 
other end side thereof, the inner ring raceway being 
formed directly thereon or on an inner ring thereon, and 
a sptined bore at a central portion, a drive shaft member 
having a splined shaft on one end side thereof for en- 
gagement with the splined bore and a housing section 
on the other end side thereof, the housing section form- 
ing the outer ring of the constant velocity joint, and a 
plurality of rolling members provided rotatably between 
the outer ring raceway and the inner ring raceway. 
[0075] Particularly, in one feature of the present in- 
vention, the axle unit for driving the vehicle wheel is pro- 
vided with an inner engagement portion formed in the 
outer peripheral surface of the splined shaft in the whole 
circumference, an outer engagement portion formed in 
the inner peripheral surface of the hub in the whole cir- 
cumference at the location in alignment with the inner 
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engagement portion, and a stop ring made of a resilient 
member 

[0076] The stop ring is provided between and en- 
gaged with the inner engagement portion and the outer 
engagement portion, so that the hub is positioned axially 
with reference to the drive shaft member. In addition, a 
seal member of resilient material is resiliently held be- 
tween the hub and the drive shaft member to seal the 
splined engagement portion between the splined bore 
and the splined shaft. 

[0077] In another feature of the present invention, a 
coupling shaft member different from the hub is provid- 
ed, and the axle unit for driving the vehicle wheel is pro- 
vided with an outer engagement portion formed in the 
inner peripheral surface of the bore formed and en- 
gaged on one end side of the splined shaft in the whole 
circumference, an inner engagement portion formed in 
the outer peripheral surface of the coupling shaft mem- 
ber in the whole circumference at the location in align- 
ment wilh the outer engagement portion, and a stop ring 
made of a resilient member. 

[0078] Part of the hub is held axially from the opposite 
sides between part of the coupling shaft member and 
part of the drive shaft member and in this state, the stop 
ring is provided between and engaged with the inner en- 
gagement portion and the outer engagement portion, so 
that the hub is positioned axially with reference to the 
coupling shaft member and drive shaft member. In ad- 
dition, a seal member of resilient material is resiliently 
held between the hub and the drive shaft member to seal 
the splined engagement portion between the splined 
bore and the splined shaft. 

[0079] In addition, in another feature, a coupling 
member different from the hub is provided, and part of 
the coupling member is connected to one end of the 
drive shaft member. With part of the coupling member 
and part of the drive shaft member, the hub is positioned 
axially with reference to the coupling member and drive 
shaft member. In addition, a seal member of resilient 
material is resiliently held between the hub and the drive 
shaft member to seal the splined engagement portion 
between the splined bore and the splined shaft. 
[0080] With the axle unit for driving the vehicle wheel, 
torque is transmitted between the drive shaft member 
and the hub based on engagement between the splined 
shaft and splined bore. Accordingly, any treatment such 
as the built up weld to securely conduct the torque trans- 
mission between the drive shaft member and the hub, 
that causes distortion by heat etc., is not required, so 
that the endurance of the rolling bearing unit parts in- 
cluding the inner ring raceways can be secured. 
[0081] Particularly, in this invention, the hub and the 
drive shaft member can be prevented from being sepa- 
rated from each other by engagement between the inner 
and outer engagement portions and the stop ring, or be- 
tween the inner and outer engagement portions, the 
stop ring and the coupling shaft member, or between the 
coupling member, the drive shaft member and the hub. 
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Since the stop ring is made of a material with sufficient 
strength such as metals, the separation is positively pre- 
vented so as to secure the reliability of the axle unit for 
driving the vehicle wheel. 

s [0082] In the structure of the present invention, axial 
sliding motion occurs in the splined engagement por- 
tion, which is different from the clamping with a nut or 
from the connection with welding, but since the seal 
member of resilient material is resiliently held between 

10 the hub and the drive shaft member to isolate the splined 
engagement portion from outside space, foreign matter 
can be prevented from entering the splined engagement 
portion, so that wear in the splined engagement portion 
is prevented. As a result, the endurance of the axle unit 

is for driving the vehicle wheel including the splined en- 
gagement portion can be improved. 
[0083] Now, some examples of the embodiments of 
the present invention are explained with reference to the 
attached drawings. 

20 [0084] FIGS. 1 and 2 show a first example of an em- 
bodiment of the present invention. An outer ring 1 which 
does not rotate while being supported on the suspen- 
sion unit has an attachment portion 2 for supporting on 
the suspension unit, on the outer peripheral face there- 

25 of, and two rows of outer ring raceways 3 on the inner 
peripheral face thereof. A hub 6a is disposed concentri- 
cally with the outer ring 1 , on the inner diameter side of 
the outer ring 1. 

[0085] Inner ring raceways 8 are disposed directly or 
30 on a separate inner ring 50 on the outer peripheral face 
of the hub 6a on a part facing the respective outer ring 
raceways 3. 

[0086] The inner ring 50 is externally fitted to a 
stepped portion 33 formed on the axially inner end of 
35 the main body of the hub 6a (an end portion towards the 
center in the width direction of the vehicle when fitted to 
the vehicle; the right end in FIG. 1), and is secured to 
the hub 6a at the axially inner end of the main body, by 
a crimped portion 27 formed by upsetting and expanding 
40 a portion protruding from the axially inner end face of 
the inner ring 50 in a radially outward direction. 
[0087] The hub 6a is rotatably supported on the inside 
of the outer ring 1 , by rollably providing a plurality of roll- 
ing members 1 2 between the outer ring raceways 3 and 
45 the inner ring raceways 8, respectively. 

[0088] In addition, seal rings 1 9 are disposed between 
the inner peripheral face on opposite end portions of the 
outer ring 1 and the outer peripheral face of the middle 
part of the main body of the hub 6a and the outer pe- 
so ripheral face of the axially inner end portion of the inner 
ring 50, to isolate the portion where the rolling members 
12 are arranged from the outside space. 
[0089] The outer end opening, that is at the axially out- 
er end, of the hub 6a is fitted and secured with a cap 34 
55 to shut off the outer endopening. On the outer peripheral 
face of the axially outer end of the hub 6a (the end to- 
wards the outside in the width direction of the vehicle 
when fitted to the vehicle; the left end in FIG. 1; corre- 
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sponding to the one end described in the claims), a 
mount flange 7 for supporting and securing the wheel to 
the hub 6a is provided integrally with the hub 6a. 
[0090] Moreover, a splined bore 28 is disposed in the 
center of the hub 6a. The hub 6a and the drive shaft s 
member 29 are combined to constitute a rolling bearing 
unit for a wheel. A splined shaft 30 which engages with 
the splined bore 28 is also disposed at the portion on 
the axially outer end side of the drive shaft member 29. 
The portion on the axially inner end side of the drive 
shaft member 29 forms a housing 11 which is an outer 
ring of a constant velocity joint. 

[0091] With the axle unit for driving the vehicle wheel 
according to the present invention, an inside engage- 
ment portion or inside engagement groove 14 is formed 
around the whole periphery on the outer peripheral face 
of the middle part on the axially outer end side of the 
splined shaft 30. An outside engagement portion or out- 
side engagement groove 1 3 is also formed around the 
whole periphery at a position aligned with the inside en- 
gagement groove 1 4, on the inner peripheral face of the 
middle part on the axially outer end side of the splined 
bore 28. 

[0092] Moreover, a stop ring 35 in the form of a seg- 
ment circle as shown in FIG. 2 is fitted to the inside and 
outside engagement grooves 1 4 and 1 3 so that the stop 
ring 35 is provided between and engaged with these en- 
gagement grooves 14 and 13. 

[0093] The stop ring 35 is so formed that the diameter 
thereof is resiliently compressible and expandable, by 
forming a wire rod made of a resilient metal such as 
spring steel, stainless spring steel and the like in the 
form of an approximate C-shaped segment circle. An 
outer diameter D 35 of the stop ring 35 in a free state 
should be at least a diameter R 28 of the maximum in- 
scribing circle of the splined bore 28 (the addendum cir- 
cle of the splined bore 28). Moreover, a diameter R 14 of 
the groove bottom of the inside engagement groove 14 
and the diameter R n 3 of the groove bottom of the outside 
engagement groove 13 are restricted so that the stop 
ring 35 is provided between and engaged with the inside 
and outside engagement grooves 14 and 13. That is to 
say, the diameter R 14 of the groove bottom of the inside 
engagement groove 14 is not larger than a value ob- 
tained by subtracting twice of the diameter d 35 of the 
wire rod constituting the stop ring 35 from the diameter 
R 28 of the maximum inscribing circle of the splined bore 
28 (R 14 =£ R 2 8-2d 35 ). 

[0094] Such a restriction is required to make it possi- 
ble to freely insert the splined shaft 30 together with the 
stop ring 35 into the splined bore 28, with the stop ring 
35 pushed into the bottom of the inside engagement 
groove 14. 

[0095] In addition, the diameter R 13 should be less 
than a value obtained by adding twice of the diameter 
d 55 of the wire rod constituting the stop ring 35 to the 
diameter D 30 of the maximum circumscribing circle of 
the splined shaft 30 (the addendum circle of the splined 



shaft 30) (R 13 < D 30 + 2d 35 ). Such a restriction is re- 
quired to engage the inner peripheral rim portion of the 
stop ring 35 with the inside engagement groove 14, with 
the diameter of the stop ring 35 resiliently enlarged. 
[0096] Therefore, it is preferred that the diameter R 13 
of the groove bottom of the outside engagement groove 
1 3 be restricted so that the stop ring 35 exists in a central 
position in a diametrical direction of the engagement 
portion between the splined bore 28 and the splined 
shaft 30, with the outer peripheral rim of the stop ring 35 
abutted against the groove bottom of the outside en- 
gagement groove 1 3. 

[0097] Since the dimensions of the inside and outside 
engagement grooves 1 4 and 1 3 and the stop ring 35 are 
restricted as described above, then if the splined shaft 
30 is inserted into the splined bore 28 with the stop ring 
35 fitted to the portion of inside engagement groove 1 4, 
the hub 6a and the drive shaft member 29 can be cou- 
pled so as not to be separated. That is to say, when the 
hub 6a and the drive shaft member 29 are coupled, the 
splined shaft 30 is inserted into the splined bore 26 with 
the stop ring 35 fitted to the inside engagement groove 
14, from inside toward outside, that is, from the right to 
the left in FIG. 1. 

[0098] By this inserting action, the stop ring 35 is guid- 
ed along the inner peripheral faces of the crimped por- 
tion 27 and of a guide face 36 formed in a conical con- 
cave shape disposed adjacent to the axially inner end 
portion of the splined bore 28 ; while resiliently com- 
pressing the outer diameter, and is pushed into the 
splined bore 28. Then, the diameter of the stop ring 35 
resiliently expands until the outer peripheral rim of the 
stop ring 35 abuts against the bottom face of the outside 
engagement groove 13, with the inside engagement 
groove 14 and the outside engagement groove 13 
aligned. 

[0099] In this way, with the diameter of the stop ring 
35 resiliently expanded, the stop ring 35 is provided be- 
tween and engaged with the inside and outside engage- 
ment grooves 1 4 and 1 3 to prevent the splined shaft 30 
from coming out from the splined bore 28, and to couple 
the hub 6a and the drive shaft member 29 so as not to 
be separated. 

[0100] The tilt angle of the guide face 36 with respect 
to the axial direction of the hub 6a is preferably 30 de- 
gree or less so that the stop ring 35 can smoothly pass 
along the guide face 36. 

[0101] Furthermore, it is preferable that the engage- 
ment portion between the splined shaft 30 and the 
splined bore 28 is lubricated by applying a urea type 
grease to the engagement portion between the splined 
shaft 30 and the splined bore 28 to interpose a lubricant 
therebetween. The urea type grease contains an urea 
compound as the consistency agent and a synthetic oil 
as the base oil. 

[0102] A width W of the inside and outside engage- 
ment grooves 14 and 13 is required to be not smaller 
than the diameter d 35 of the wire rod constituting the 
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stop ring 35, but the difference between the width W and 
the diameter d 05 is made as small as possible. The rea- 
son for this is to suppress play in the coupling portion 
made up of the inside and outside engagement grooves 
1 4 and 1 3 and the stop ring 35. 

[0103] To improve the coupling strength between the 
hub 6a and the drive shaft member 29, the coupling por- 
tion made up of the inside and outside engagement 
grooves 1 4 and 1 3 and the stop ring 35 may be disposed 
in two axial positions. In this case however, the width of 
the inside and outside engagement grooves 14 and 13 
and the diameter of the wire rod constituting the stop 
ring 35 located on the tip end side in the insertion direc- 
tion (the left end side in FIG. 1) should be larger than 
the width of the inside and outside engagement grooves 
and the diameter of the wire rod constituting the stop 
ring located on the rear end side in the insertion direction 
(the right end side in FIG. 1). 

[0104] The reason for this is to prevent the stop ring 
of the engagement portion on the tip end side and the 
outside engagement groove of the engagement portion 
on the rear end side from engaging with each other. Oth- 
erwise, the splined shaft 30 could not be inserted further 
into the splined bore 28. 

[0105] In the case of this example, a seal member or 
seal ring 37 of an X -shape in cross-section is disposed 
between a portion located between the splined shaft 30 
and the housing 11 on the outer peripheral face of the 
middle part of the drive shaft member 29, and the inner 
peripheral face of the axially inner end portion of the hub 
6a. The circular seal ring 37 made of a resilient material 
such as a rubber like elastomer etc. cooperates with the 
cap 34 to seal off the splined engagement portion be- 
tween the splined shaft 30 and the splined bore 28 sub- 
stantially completely to prevent the ingress of foreign 
matter such as rain water containing dust into the 
splined engagement portion, and to prevent the spline 
engagement portion from rusting, or wear of the splined 
engagement portion from progressing. 
[0106] Incidentally, if a member of steel plate is, in lieu 
of the resilient material as in the present invention, pro- 
vided with a spring performance by being formed e.g. in 
a V-shape in cross section and simply placed into con- 
tact with the mating member, it may be possible for the 
member to tightly come into contact with the mating 
member in the macro shape, but not possible to tightly 
one into contact with the mating member in the micro 
shape such as surface roughness, undulation. Accord- 
ingly, it can not be referred to as "seal" because no se- 
cure sealing is achieved. In this invention, the seal ring 
is made of a more or less soft material which can tightly 
conform with the micro shape of the mating member 
which the seal ring contacts, so that good sealing per- 
formance is achieved. Specifically, not only the s aling 
performance but also the durability is taken into consid- 
eration, and therefore the seal is made of a rubber ma- 
terial with good sealing property such as nitrile rubber, 
fluorine-containing rubber, or a thermoplastic potyether 



elastomer material with good durability such as hytrel, 
arnytel, so that the seal material has a modules of lon- 
gitudinal elasticity of 200 [MPa] or less, and desirably 
between 5 [MPa] and 60 [Mpa]. Furthermore, a gap 38 

s is interposed between the crimped portion 27 formed at 
the axially inner end portion of the hub 6a and the axially 
outer end face of the housing 1 1 of the drive shaft mem- 
ber 29. Therefore, at the time of operating the axle unit 
of this example, even if circumferential relative motions 

io are produced based on elastic deformation during bear- 
ing torque : the crimped portion 27 does not rub against 
the axially outer end face of the housing 11 , so that no 
abnormal sounds are produced due to rubbing. Further- 
more, on the outer peripheral face of the inner end por- 

15 tion of the housing 1 1 , an anchoring groove 39 is formed 
for anchoring an axially outer end portion of a dust pre- 
vention boot (not shown). 

[0107] In the case of the axle unit for driving the vehi- 
cle wheel according to the present invention constructed 
20 and assembled as described above, the transmission of 
torque between the drive shaft member 29 and the hub 
6a is effected based on the engagement between the 
splined shaft 30 and the splined bore 28. Accordingly, 
working involving for example a full peripheral built up 
2S weld which can cause distortion due to the heat, is not 
required for reliably transmitting the torque between the 
drive shaft member 29 and the hub 6a. Hence the du- 
rability of each part of the rolling bearing unit including 
the inner ring raceways 8 formed on the outer peripheral 
30 face of the middle part of the main body of hub 6a can 
be ensured. 

[0108] Moreover, separation between the drive shaft 
member 29 and the hub 6a can be prevented by the en- 
gagement between the inside and outside engagement 

35 grooves 1 4 and 1 3 and the stop ring 35. The stop ring 
35 formed in the form of a segment circle can be made 
of metallic materials having sufficient strength, such as 
spring steel, stainless spring steel and the like. Hence 
the abovementioned separation can be reliably prevent- 

40 ed thus ensuring the reliability of the axle unit. 

[01 09] Furthermore, since the seal ring 37 is disposed 
between the drive shaft member 29 and the hub 6a to 
cooperate with the cap 34 : the splined engagement por- 
tion between the splined shaft 30 and the splined bore 

45 28 is shut off from the outside space, and since grease 
as a lubricant is applied to and interposed in this splined 
engagement portion, the occurrence of excessive wear 
in the splined engagement portion due to fretting or the 
like, can be prevented. 

50 [0110] Incidentally, the splined engagement portion is 
lubricated as mentioned above because any sliding 
movements would be caused in the axial direction in the 
splined engagement portion because there are axial 
clearances provided betwe n the stop ring and the en- 

5S gagement grooves in the engagement. Any solid lubri- 
cants and liquid lubricants may be used for lubrication, 
but the grease lubricant is inexpensive and easy to treat. 
The grease is filled in the splined engagement portion 
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between the hub and the driving shaft member such that 
the grease is coated on either the male spline or the fe- 
male spline in engagement before connecting the hub 
to the driving shaft member. When the grease is coated 
on the female spline in the inner diameter surface of the 
hub, since the coated portion is not exposed, the grease 
could not be attached to a packing member during trans- 
portation, and then it is possible to control the grease 
amount after assembling. 

[0111] Moreover, in the present embedment, the seal 
37 is provided to seal the splined engagement portion 
in addition to the seal 19 for sealing the bearing, and 
therefore even when the hub unit in a sub-assembly : not 
in a complete assembly, is transported and assembled 
with the driving shaft member in a later step, foreign mat- 
ter such as dust could not enter the hub unit during trans- 
portation, since it has been already sealed. 
[0112] Similarly, when in the market, the hub unit is 
disengaged from the driving shaft member in order that 
one of them is reused, foreign matter such as dust could 
not enter the hub unit when being disengaged from the 
driving shaft member. 

[0113] Although the structure where a single seal is 
used for sealing between the outer ring of the bearing 
and the driving shaft member is known in the art, which 
is different from the present invention, the step of simul- 
taneously assembling the hub unit and driving shaft 
member must be adopted to prevent the foreign matter 
such as dust from entering the bearing in the structure, 
and such a product lacks in flexibility. In addition, in this 
case : both of the hub unit and driving shaft member must 
be simultaneously exchanged when required in the mar- 
ket. Such a structure urges the user to bear monetary 
load for redundant parts, and in addition it is not desir- 
able in saving resources. 

[01 1 4] The present invention is directed to a structure 
where the seal member of the bearing is separated from 
the seal member of the spline, with the spline seal pro- 
vided between the relatively not-rotatable members to 
achieve easily the good seal performance. In addition, 
the seal 37 before assembling the hub unit in the driving 
shaft member is fitted onto the driving shaft member with 
interference, and therefore the seal would not drop, the 
seal mount position would not move, and any such trou- 
bles would not occur during assembling. 
[01 1 5] FIGS. 3 to 5 showa second example of the em- 
bodiment of the present invention. In the case of this 
example, the slop ring 35a provided between and en- 
gaged with the inside engagement groove 14 and the 
outside engagement groove 1 3 is made by press punch- 
ing a plate member made of a spring steel (including a 
tool steel such as SK5 or the like), in order to impart a 
spring property to the stop ring 35a. Such a stop ring 
35a is formed roughly in a C-shape overall, having a rec- 
tangular cross-section (a segment circle), and the entire 
ring is quench harden d. 

[0116] In this example, a pair of buffer members 52 
composed of a resilient material such as rubber or a syn- 



thetic resin are bonded around the whole periphery on 
axially opposite side faces ol the stop ring 35a Hence, 
even if the hub 6a and the drive shaft member 29 are 
relatively displaced in the axial direction, due to play ex- 

s isting in the coupling portion between both axially op- 
posed faces of the inside and outside engagement 
grooves 1 4 and 1 3 and the stop ring 35a, direct bumping 
of the axially opposed faces of the inside and outside 
engagement grooves 14 and 13 against the axially op- 

10 posite side faces of the stop ring 35a is prevented, there- 
by alleviating the shock on these faces. 
[0117] As a result, durability of the inside and outside 
engagement grooves 14 and 13 and the stop ring 35a 
can be ensured, as well preventing the occurrence of 

is any unpleasant metallic sound due to direct bumping of 
these portions. Moreover, by bonding the abovemen- 
tioned buffer members 52 thereto, the effect of prevent- 
ing wear of the stop ring 35a due to fretting can also be 
obtained. 

20 [0118] The outer diameter of the buffer member 52 
bonded to the face, at least on the axially outside in the 
installed state (the left side face in FIGS. 3 and 4), ofthe 
opposite side faces of the stop ring 35a is made slightly 
smaller than that of the stop ring 35a. Specifically, as 

2S shown in FIG. 4, the outer diameter of the buffer mem- 
bers 52 is made smaller so that when the tip end portion 
of the splined shaft 30 is inserted into the inside of the 
splined bore 28, the outer peripheral edge of the buffer 
member 52 bonded to the outside face of the stop ring 

30 35a does not abut against the guide face 36 disposed 
on the inner end edge of the splined bore 28. 
[0119] This is because the frictional force acting on 
the abutting portion of the guide face 36 and the buffer 
member 52 would be larger than the frictional force act- 

35 ing on the abutting portion of the guide face 36 and the 
stop ring 35a. In other words, so that the larger frictional 
force is prevented from acting, thus making it easier to 
insert the tip portion of the splined shaft 30 into the inside 
of the splined bore 28. If the outer diameter of both buffer 

40 members 52 is restricted as described above, it is not 
necessary to worry about the direction of attaching the 
stop ring 35a to the inside engagement groove 1 4, thus 
facilitating installation. 

[0120] In the case of this example, the axial dimension 
45 of the splined shaft 30 and the splined bore 28 is restrict- 
ed such that the tip end portion of the splined shaft 30 
protrudes slightly from the axially outer end edge of the 
splined bore 28, at the time of inserting the splined shaft 
30 into the splined bore 28, when the portion on the outer 
50 diameter side of the stop ring 35a attached to the inside 
engagement groove 1 4 enters into the outside engage- 
ment groove 1 3 (when the stop ring 35a is placed on 
engagement between the inside and outside engage- 
ment grooves 14 and 13). Th refore : it can be easily 
55 judged whether or not the stop ring 35a is plac d for 
engagement between the inside and outside engage- 
ment grooves 14 and 13, enabling prevention of errors 
in assembly. 
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[0121] In the case of this example, a bottomed bore 
53 is formed in the central portion of the tip end face of 
the splined shaft 30, and an engagement groove 54 is 
formed around the whole periphery on the inner periph- 
eral face of the middle part of the bottomed bore 53. 
[01 22] At the time of inserting the splined shaft 30 into 
the splined bore 28, by engaging the tip portion of a 
drawing tool in the engagement groove 54, the splined 
shaft 30 can be pulled from an opening on the axially 
outer end side of the splined bore 28. 
[0123] In addition, though not shown, the male spline 
formed on the outer peripheral face of the splined shaft 
30 is formed slightly twisted in the axial direction, to re- 
duce any play in the circumferential direction of the 
splined engagement portion between the splined shaft 
30 and the splined bore 28. Therefore, when the splined 
shaft 30 is inserted into the splined bore 28, a large f ric- 
tional force works in the axial direction between the out- 
er peripheral face of the splined shaft 30 and the inner 
peripheral face of the splined bore 28. 
[0124] In the case of this example however, since the 
splined shaft 30 can be pulled out by the drawing tool 
whose tip portion is engaged in the engagement groove 
54, the insertion of the splined shaft 30 can be easily 
effected. 

[0125] Moreover, in the case of this example, since 
the attachment groove 54 for engaging the tip portion of 
the drawing tool therein is formed on the inner peripheral 
face of the bottomed bore 53 formed on the tip end face 
of the splined shaft 30, the weight and the axial dimen- 
sion of the drive shaft member 29 is not increased, un- 
like the fourth example of the conventional construction. 
Though the strength of the tip portion of the splined shaft 
30 may be somewhat decreased with the formation of 
the bottomed bore 53, in practice there is no problem, 
since a large torque is not applied to the tip portion. 
[0126] Furthermore, in the case ofthis example, deep 
grooves 55 deeper than the female splined grooves 
formed on the inner peripheral face of the splined bore 
28 are formed in the axial direction (in the right and left 
direction in FIG. 3, and in the direction out of the page 
in FIG. 5), as shown in FIG. 5, at a plurality of places in 
the circumferential direction of the splined bore 28, in a 
portion at least from the axially outer end edge of the 
splined bore 28 towards the axially outer end of the 
splined bore 28 which straddles the outside engage- 
ment groove 13. 

[0127] When the splined shaft 30 is pulled out from 
the splined bore 28, the diameter of the stop ring 35a is 
reduced by a plurality of pins inserted from the axially 
outer end portion of the splined bore 26 into the respec- 
tive deep grooves 55, to disengage the stop ring 35a 
from the outside engagement groove 13. 
[0128] In the example shown in the figure, the width 
of respective deep grooves 55 is made narrow so that 
these deep grooves 55 do not affect the engagement 
state of the splined engagement portion between the 
splined bore 28 and the splined shaft 30. However, it is 



also possible to widen the width of respective deep 
grooves 55 so that the deep grooves span two to three 
splined grooves. 
- [0129] If the width of respective deep grooves 55 is 

5 made wide, as described above, it is possible to form 
these deep grooves 55 by forging. In such a case, the 
number of gear teeth to be spline-engaged is reduced 
in the portion where these deep grooves 55 are formed, 
however these deep grooves 55 need be formed only in 

io an axial part of the splined engagement portion. There- 
fore, the number of gear teeth to be spline-engaged is 
not reduced over the full length of the splined engage- 
ment portion. Hence, reduction of the torque which can 
be transmitted by the splined engagement portion is 

*5 minimal, resulting in no practical problem. 

[01 30] In the case of this example, a cap 34a for clos- 
ing the opening at the axially outer end of the space 
where the splined shaft 30 and the splined bore 28 exist 
is fixed to a portion facing close to the tip end face of 

20 the splined shaft 30 in the axial middle part of the main 
body of hub 6a. In the case of this example, this cap 34a 
is generally made of a synthetic resin, and is formed in 
a bottomed cylindrical shape, having a cylindrical por- 
tion 56 and a disk portion 57 for closing the opening at 

2S the axially outer end of the cylindrical portion 56. 

[0131] When this cap 34a is fitted to the middle part 
of the hub 6a, the cylindrical portion 56 is internally se- 
cured to the middle part of the hub 6a ; with an engage- 
ment protrusion 58 formed around the whole periphery 

30 on the outer peripheral face of the axially inner end por- 
tion of the cylindrical portion 56 engaged in an engage- 
ment groove 59 formed around the whole periphery on 
the inner peripheral face of the middle part of the hub 6a. 
[01 32] Then, an outwardly flanged collar 60 is formed 

35 on the outer peripheral face on the axially outer end side 
of the cylindrical portion 56 and abuts against a stepped 
face 61 formed on the inner peripheral face on the axially 
outer end side of the hub .6a. 

[0133] Moreover, an O-ring 63 is fitted into a groove 
40 62 formed around the whole periphery of the cylindrical 
portion 56, to seal a space between the outer peripheral 
face of the cylindrical portion 56 and the inner peripheral 
face of the middle part of the hub 6a. 
[0134] In the case of this example, as described 
45 above, by fixing the cap 34a to a portion lacing close to 
the tip end face of the splined shaft 30, in the middle 
part of the hub 6a, the volume of the space between the 
cap 34a and the seal ring 37 where the splined shaft 30 
and the splined bore 28 exist can be reduced. Into this 
so space, grease is filled to prevent rust and wear of the 
splined shaft 30 and the splined bore 28 and to prevent 
the occurrence of abnormal sounds resulting from the 
rust and wear. 

[01 35] Moreover, by reducing the volume of the space 
55 as in this example, the amount of grease to be filled 
therein can be reduced to reduce the cost. 
[0136] In addition, the cap 34a attached as described 
above can be easily removed from the middle part of the 
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hub 6a by pulling on the inside face of the collar 60 with 
the tip portion of a special tool inserted between the 
stepped face 61 and the axially inside face of the collar 
60. 

[0137] Therefore, a chamfered portion 64 is formed 
on the outer peripheral rim portion on the axially inside 
face of the collar 60 to facilitate insertion of the tip portion 
of the special tool between the stepped face 61 and the 
axially inside face of the collar 60. 
[01 38] Other construction and operation are substan- 
tially the same as for the case of the above described 
first example. Incidentally, the colter 60 comprises larger 
and smaller diameter portions in a two-step shape, so 
that the tip end of the special tool can be securely in- 
serted into the face on the axially inner side of the coller 
60. Then, the axially inside face of the smaller diameter 
portion is abutted to the stepped face 61 to provide a 
gap between the axially inside face of the larger diam- 
eter portion and the stepped face 61 . 
[0139] FIG. 6 shows a third example of the embodi- 
ment of the present invention. In the case of this exam- 
ple, a screw groove 65 which is an engagement groove, 
is formed on the inner peripheral face of a bottomed hole 
53 provided in the central portion of the tip end face of 
the splined shaft 30. When the splined shaft 30 is insert- 
ed in the splined bore 28, an external thread formed at 
the tip portion of a pulling member is screwed in the 
screw groove 65. 

[0140] In the case of this example, the hub 6a is made 
of a carbon steel material, for example, a carbon steel 
for mechanical structures such as S53C ~ S55C (JIS 
G4051) or SAE 1060 - SAE 1070. 
[0141] Moreover, quenched hardened layers are 
formed by induction hardening or the like on portions on 
the peripheral face of the hub 6a shown by the oblique 
hatching in FIG. 6 to improve the durability of these por- 
tions. The portions are continuous portions on the outer 
peripheral face in the middle part of the hub 6a from the 
base end portion of the axially inside face of the mount 
flange 7 to the axially inner half of a stepped portion 33 
in which the inner ring 50 is externally fitted, and on a 
portion on the inner peripheral face of the hub 6a where 
the splined bore 28 is formed. 

[0142] Particularly, in the case of this example, since 
the quenched hardened layer is formed on a part of the 
splined bore 28, fretting wear due to the slight vibration 
in the axial direction of the splined bore 28 can be pre- 
vented, even if some chatter is produced in the axial di- 
rection in the engagement portion of the splined shaft 
30 and the splined bore 28, due to play existing in the 
engagement portion of the inside and outside engage- 
ment grooves 14 and 13 and the stop ring 35. Hence 
the durability of the splined engagement portion includ- 
ing the splined bore 28 can be sufficiently ensured. 
[01 43] Other construction and operation are substan- 
tially the same as for the case of the above described 
first and second examples. 

[0144] FIG. 7 shows a fourth example of the embod- 



iment of the present invention. In the case of this exam- 
ple, the outer peripheral face of the outer ring 1 is formed 
in a simple cylindrical shape, and at the time of fitting 
the outer ring 1 into the suspension unit, it is internally 
s secured in an attachment bore provided in the knuckle 
40 (see FIGS. 37, 39 and 40). Moreover, a pair of inner 
rings 50 provided with inner ring raceways 8 on the re- 
spective outer peripheral faces are externally fitted to 
the main body of hub 6a and fixed by the crimped portion 

10 27, so that two rows of inner ring raceways 8 are pro- 
vided on the outer peripheral face of the hub 6a. 
[01 45] The end face of the crimped portion 27 is made 
to abut against or positioned close to the axially outer 
end face of the housing 11 of the drive shaft member 

75 29. An O-ring 42 is held in a retaining groove 41 formed 
on the axially outer end face of the housing 1 1 and made 
to resiliently abut against the end face of the crimped 
portion 27 to seal a space between the crimped portion 
27 and the housing 11. 

20 [0146] In the case of this example, by abutting or po- 
sitioning the end face of the crimped portion 27 against 
or close to the axially outer end face of the housing 11 
of the drive shaft member 29, the splined shaft 30 is pre- 
vented from being displaced relative to the splined bore 

2S 28 further towards the left than as shown in FIG. 7. To- 
gether with this, in the case of this example, the outside 
engagement portion provided on the inner peripheral 
face of the hub 6a is a stepped portion 43 formed on the 
axially outer end edge portion of the splined bore 28. 

30 [01 47] At the time of assembly of the drive wheel axle 
unit, this stepped portion 43 is engaged with a stop ring 
35 which is engaged in an inside engagement groove 
14 formed on the outer peripheral face of the splined 
shaft 30, to thereby prevent the splined shaft 30 from 

35 coming out from the splined bore 28. 

[0148] In the case of this example, the construction is 
such that the O-ring 42 is subjected to preload with the 
drive shaft member 29 fitted to the h ub 6a. Hence, chat- 
ter in the axial direction between the splined shaft 30 

40 and the splined bore 28 can be prevented, thus prevent- 
ing fretting wear due to slight vibration in the axial direc- 
tion. 

[0149] Incidentally, also in the present structure, as 
described in the first example of the embodiments, the 

45 modules of longitudinal elasticity of the seal material 
used is 200 [MPa] or less, desirably between 5 [MPa] 
and 60 [MPa], so that the seal member tightly comforts 
with the micro shape of this mating member in contact 
with it to obtain good seal performance. In addition, if 

50 the inner diameter of the O-ring 42 is made smaller in 
size than the inner diameter of the retaining groove 41 , 
so that the O-ring 42 is fitted onto the inner diameter 
surface of the retaining groove 41, the seal would not 
drop, the seal mount position would not move, and any 

55 such troubles would not occur during assembling. 

[01 50] When the driving shaf member slides in the ax- 
ial direction during operation, the O-ring is deformed to 
always receive variable strain, and thus the use condi- 
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tion of O-ring is very severe. The variation amount of 
strain is determined by the maximum sliding resistance 
(several tens [kgf]) in the axial direction of th tripod joit 
mounted on the side of reduction gear of the driving 
shaft, the strain in the O-ring when receiving the load, 
and the deviation in size of the parts required for man- 
ufacturing. In order to make the strain in the O-ring small 
to improve its durability, it is desirable to use a tripod 
joint with small sliding resistance such that the axial slid- 
ing resistance at the normal joint angle from 5 degrees 
to 15 degrees is 20 [kgf] or less. When the compression 
strain can not be 30% or less, desirably 20 or less in 
spite that the strain in the O-ring is minimized as small 
as possible, the retaining groove 41 formed on the outer 
end face of the housing 11 is made to have a deeper 
depth, so that the outer end face comes directly into con- 
tact with the crimped portion 27 of the hub when the 
compression strain of the O-ring exeeds 30% to avoid 
any further strain in the O-ring. Thus, by limiting the 
movement in either direction of the driving shaft member 
at the outer end face and at the stop ring 35 with a metal 
member shaped to have rigidity in the axial direction, 
the strain of the seal member is positively limited to a 
value or less. As a result, not only the improvement in 
durability of the seal member is obtained, but also the 
improvement in durability of the spline is obtained due 
to the reduction in vibration width of the sliding move- 
ment in the spline. 

[0151] Incidentally, in the present structure where a 
preload is applied to the O-ring, since the O-ring is made 
of a soft material with a small modules of longitudinal 
elasticity, the splined engagement portion between the 
hub and the driving shaft member is constructed to allow 
relative sliding movements in the axial direction. Accord- 
ingly, the splined engagement portion must be lubricat- 
ed because of the same reason as described in the first 
example of the embodiments. 

[0152] In the case of this example, a cap 34 is fitted 
and fixed to the middle part of the main body of hub 6a 
to face close to the end face of the splined shaft 30, as 
in the case of the abovementioned second example, to 
thereby close off the middle part. The cap 34 in this ex- 
ample however, is made of a metal plate, as with the 
first example and the third example described above. In 
the case of this example thus constituted, the volume of 
the space between the cap 34 and the O-ring 42 where 
the splined shaft 30 and the splined bore 26 exist can 
be reduced to decrease the amount of grease to be filled 
in this space, and hence the cost can be reduced. 
[0153] Other construction and operation are substan- 
tially the same as for the case of the above described 
first to third examples. 

[0154] FIG. 8 shows a fifth example of the embodi- 
ment of the present invention. In the case of this exam- 
ple, a metal backing member 69 with an encoder 44 is 
externally secured to the middle part of the drive shaft 
member 29, at the axially outer end of the housing 11, 
to make it possible to freely detect the rotation speed of 



the drive shaft member 29. 

[01 55] This metal backing member 69 is formed in an 
overall annular shape with an L-shape in cross -sect ion. 
having a cylindrical portion 45 and a ring-shaped portion 

s 46, by b nding a magnetic metal plate having corrosion 
resistance, for example a stainless steel plate such as 
SUS430. Such a metal backing member 69 is secured 
to the drive shaft member 29 by externally fitting the cy- 
lindrical portion 45 to the axially outer end portion of the 

10 housing 11 by an interference fit. The ring-shaped por- 
tion 46 is made to abut against the axially outer end face 
of the housing 1 1 . 

[0156] Moreover, in the cylindrical portion 45, there 
are formed a plurality of through holes 47 of slit shape 

is elongated in the axial direction (the right and left direc- 
tion in FIG. 8), at equal intervals in the circumferential 
direction. Hence, the magnetic property of the outer pe- 
ripheral face of the cylindrical portion 45 changes alter- 
nately at equal intervals in the circumferential direction. 

20 That is to say in the case of this example, the outer pe- 
ripheral face of the cylindrical portion 45 functions as 
the encoder 44. 

[0157] A detection section of a sensor 48 supported 
on a fixed portion such as the suspension unit or the 

25 like, is made to face close to the encoder 44, that is the 
outer peripheral face of the cylindrical portion 45, when 
fitted to the vehicle : to freely detect the rotation speed 
of the drive shaft member 29 which rotates synchro- 
. nously with the wheel. 

30 [01 58] An annular resilient plate (resilient material) 49 
is attached to the axially outside face of the ring-shaped 
portion 46 by bonding or baking and then clamped to- 
gether with the ring-shaped portion 46, between the ax- 
ially outer end face of the housing 11 and the end face 

35 of the crimped portion 27 provided in the inner axially 
end portion of the hub 6a, under resilient compression. 
Therefore, in the case of this example, the splined shaft 
30 is prevented from being displaced relative to the 
splined bore 28 further towards the left than as shown 

40 in FIG. 8, by means of the ring-shaped portion 46 and 
the resilient plate 49. Moreover, the resilient plate 49 
seals the space between the axially outer end face of 
the housing 11 and the end face of the crimped portion 
27. 

45 [01 59] Therefore, in the case of this example, not only 
are the seal ring 37 described in the first to third exam- 
ples and the O-ring 42 in the above described fourth ex- 
ample are not required, but also it is nol necessary to 
subject each portion to a predetermined machining for 

so attaching the seal ring 37 and O-ring 42 thereto. 

[0160] The resilient plate 49 is so formed that it does 
not protrude onto the outer peripheral face of the cylin- 
drical portion 45, so that the encoder 44 disposed on the 
outer peripheral face of the cylindrical portion 45 and the 

55 detection section of the sensor 48 can be positioned suf- 
ficiently close to each other. 

[0161] Other construction and operation are substan- 
tially the same as for the case of the above described 
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first to fourth examples. 

[0162] Incidentally, the inner diameter of the resilient 
plate 49 can be made smaller than the inner diameter 
of the circular ring portion 46 of the metal ring 69, so that 
the resilient plate 49 has an radially inner portion which 
projects radially inward than the circular ring portion 46 
(loward in Fig. 8). Then, the axially inside surface (the 
right side surface in fig. 8) of the radially inward portion 
of the resilient plate 49 is made flush with the axially 
inside surface of the metal ring 69, so that the projecting 
portion of the resilient plate 49 comes directly in contact 
with the axially outer end surface of the housing portion 
11. 

[01 63] In this structure, the resilient plate 49 is held at 
the portion projecting radially inward than the circular 
ring portion 46 between the axially inner end portion of 
the hub 6a and the axially outer end portion of the hous- 
ing portion 11, such that it is directly compressed. Ac- 
cordingly, foreign matter such as rain water can be se- 
curely prevented at the contact portion between the ax- 
ially outer end surface of the housing portion 11 and the 
resilient plate 49 from entering the spline engagement 
portion through the fitting portion between the cylindrical 
portion 45 of the metal ring 69 and the housing 11 . 
[0164] In addition, the axial deflection (resilient com- 
pression amount) of the resilient plate 49 is designed for 
good sealing performance taking into consideration the 
size tolerance etc. of the parts required for production. 
For example, in the case of the axle unit for driving the 
automobile wheel, the minimum deflection is about 0.2 
mm to about 0.6 mm, and the maximum deflection is 
about 1 .3 mm to about 1 .7 mm. 
[0165] In operation, the thrust load based on the axial 
sliding resistance of the tripod joint used on the inboard 
side (the widthwise central side of the vehicle) is applied 
to the resilient plate 49. Accordingly, the deflection 
amount of the resilient plate 49 at that time must be tak- 
en into consideration. In order to obtain enough durabil- 
ity for long term use, the compression deformation of 
the resilient plate must be designed to be kept 30 % or 
less (desirably 20 % or less) even under the expected 
maximum deflection amount. For such design, in the 
case of the axle unit for driving the automobile wheel, 
the thickness of the resilient plate 49 provided between 
the axially inner end portion of the hub 6a and the metal 
ring 69 must be about 4 mm to about 6 mm. Accordingly, 
the design with margin such as making the thickness 
about 6 mm to about 9 mm is desirable if there is no 
space problem. 

[01 66] If the contact condition of the resilient plate 49 
with the mating surface, subjected to large contact pres- 
sure, moves in sliding contact, the surface of the resilient 
plate 49 experiences premature fatigue. Accordingly, it 
is desirable on design that even if the torque applied to 
the constant velocity joint is opposite in direction, in oth- 
er words even if it moves from the driving state to the 
inertia running state where engine braking occurs in the 
non-driven state, it is absorbed by the shear deflection 



of rubber of the resilient plate 49 and no sliding occurs 
in the circumferential direction at the contact portion be- 
tween the resilient plate 49 and the axially inner end of 
the hub 6a. With the thickness (4 to 6 mm, and if space 
5 is available, 6 to 9 mm) as mentioned above, that design 
is possible. 

[0167] The amount of deflection of the resilient plate 
49 always changes during operation of the axle unit for 
driving the vehicle wheel. In order to obtain the durability 

10 of the resilient plate 49 for long term use even under 
such extremely severe use conditions, the resilient plate 
49 is desirable made of a thermoplastic polyether elas- 
tomer material such as Hytrel (Dupont) or Arnytel, which 
is a little more expensive than nitrile rubber 

75 [0168] FIG. 9 shows a sixth example of the embodi- 
ment of the present invention. In the case of the above 
described fifth example, the resilient plate 49a has a 
function to inhibit the splined shaft 30 from being dis- 
placed relative to the splined bore 28 further towards the 

20 left than as shown in FIG. 8, and a function to seal the 
space between the ring-shaped portion 46 and the 
crimped portion 27. 

[01 69] With these two functions, to make the function 
of preventing the displacement satisfactory, it is neces- 

2S sary to increase the rigidity of the resilient plate 49a, 
while to make the sealing function satisfactory, it is nec- 
essary to decrease the rigidity of the resilient plate 49a 
to some extent. In the case of this example, in view of 
these circumstances, a flexible seal lip 51 which is rel- 

30 ativeiy thin and has low rigidity is disposed on the outer 
peripheral edge portion of the resilient plate 49a. 
[01 70] Furthermore, the tip end edge of the seal lip 51 
is made to abut against the end face of the crimped por- 
tion 27 around the whole periphery to seal the space 

35 between the ring-shaped portion 46 and the crimped 
portion 27. On the other hand, the main body of the re- 
silient plate 49a has a higher rigidity so that it can effec- 
tively inhibit the splined shaft 30 from being displaced 
relative to the splined bore 28 further towards the left 

40 than as shown in FIG. 8. 

[0171] FIGS. 10 and 11 show a seventh example of 
the embodiment of the present invention. In the case of 
this example, a metal backing member 69a externally 
secured to the axially outer end portion of the housing 

45 ti is made by subjecting a plate material made of a 
spring steel (including a tool steel such as SK5 or the 
like) to pressing and bending, and then entirely to 
quench hardening. 

[0172] In the case of this example, by forming an in- 
50 clined portion 66 with the inclination increasing axially 
outward towards the inner diameter side, on a portion 
of the inner diameter side of a ring-shaped portion 46 of 
the metal backing member 69a, the portion on the inner 
diameter side of the ring-shaped portion 46 is protruded 
ss axially outward. 

[0173] Moreover, as shown in FIG.. 11, a plurality of 
notches 67 are formed on the inner peripheral rim por- 
tion on the inner diameter side of the ring-shaped portion 
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46 at equal intervals in the circumferential direction, to 
form a plurality of tongues 90 in the mid portions be- 
tween these notches 67, thereby enough resilience is 
imparted to the portion on the inner diameter side of the 
ring-shaped portion 46 including the inclined portion 66. 
[0174] The tip portion on the inner diameter side of 
the ring-shaped portion 46 formed as described above, 
that is, the tip portion of the tongues 90 is made to abut 
resiliently against the end face of the crimped portion 
27, thereby inhibiting the splined shaft 30 from being dis- 
placed relative to the splined bore 26 further towards the 
left than as shown in FIG. 10. 

[0175] Hence, chatter in the axial direction between 
the splined shaft 30 and the splined bore 28 is prevent- 
ed- In this state, a preload loading equivalent to or great- 
er than an axial sliding resistance (several tens of kgf) 
of a tripod type constant velocity joint, not-shown, incor- 
porated in a section of the transmission (right side in 
FIG. 10), not shown, is applied to the tongues 90. 
[0176] Hence, at the time of driving, even when a load 
in a direction of thrust (the right and left direction in FIG. 
10) is applied to the constant velocity joint, the engage- 
ment portion between the splined shaft 30 and the 
splined bore 28 does not slide axially, thus preventing 
wear from being caused in the engagement portion. 
[0177] These tongues 90 are designed so that even 
when an excess load is applied to the respective 
tongues 90 at the time of assembly, for example, even 
when the tongues 90 are clamped between the hub 6a 
and the drive shaft member 29 and bent until they be- 
come flat, the stress generated inside the tongues 90 
will not exceed the allowable stress, thus resulting in no 
damage in the tongues 90. That is to say, since the 
stress generated inside the tongues 90 increases with 
the increase of the displacement amount of the tongues 
90 when they are bent until they become flat, the dimen- 
sions of each portion are decided to keep to a value from 
2 to 3 mm the displacement amount of the tongues 90 
when bent to become flat. 

[0178] A seal lip 68 is formed in an overall cylindrical 
shape from a resilient material such as a rubber like 
elastomer, and its axially inner end is securely connect- 
ed by bonding or by baking to the axially outside face of 
the ring-shaped portion 46. In addition, an axially outer 
end rim or tip end edge of the seal lip 68 is made to abut 
resiliently against the axially inner end face of the inner 
ring 50 around the whole periphery to seal the space 
between the axially outer end face of the housing 1 1 and 
the end face of the crimped portion 27. 
[0179] In the case of this example, a portion towards 
the tip of the seal lip 68 is formed in a curved shape to 
impart a suitable resilience to this portion, so that the 
position of abutment and the abutment pressure of the 
axially outer end rim of the seal lip 68 are not changed 
with respect to the axially inner end face of the inner ring 
50, at the time of operating the rolling bearing unit for 
wheel, even if the splined shaft 30 is displaced relative 
to the splined bore 28 further towards the left than as 



shown in FIG. 10 against the resilience of the inner di- 
ameter side portion of the ring-shaped portion 46. 
[0180] Other construction and operation are substan- 
tially the same as for the case of the above described 

s fourth and fifth examples shown, in FIGS. 7 and 8. 
[0181] FIG. 12 shows an eighth example of the em- 
bodiment of the present invention. In the case of this 
example, the through holes (FIG. 10) are not formed in 
the cylindrical portion 45 of a metal backing member 69b 

10 externally secured on the axially outer end portion of the 
housing 11. 

[0182] Moreover, in this case, notches 67 (FIGS. 10 
and 11) are not formed on the inner peripheral rim on 
the inner diameter side of the ring-shaped portion 46 of 

is the metal backing member 69b, the inner diameter side 
portion of the ring-shaped portion 46 being instead a flat 
spring portion 91 in a form of diaphragm. 
[0183] Furthermore in this case, a covering portion 70 
is formed in a cylindrical shape by a part ol a resilient 

20 material constituting the seal lip 68 and disposed in the 
portion on the outer diameter side of the seal lip 68 con- 
nected to the axially outside face of the ring-shaped por- 
tion 46. 

[0184] The tip end edge of the covering portion 70 is 

2S extended up to the outer diameter side of a reduced di- 
ameter stepped portion 71 formed on the inner end por- 
tion of the inner ring 50 around the whole periphery, 
thereby covering the portion sealed by the seal lip 68. 
[0185] In the case of this example, therefore, foreign 

30 matter such as rain water or the like is prevented from 
directly touching the seal lip 68, thereby making the 
sealing function of the seal lip 68 satisfactory. 
[01 86] Furthermore, in the case of this example, a part 
of the resilient material constituting the seal lip 68 is 

35 bonded to the axially outside face of the flat spring por- 
tion 91 formed on the inner diameter side of the ring- 
shaped portion 46, so that the axially outside face of the 
flat spring portion 91 does not abut directly against the 
end face of the crimped portion 27. The reason for this 

40 is to prevent fretting wear from occurring in an abutting 
portion between the axially outside face of the flat spring 
portion 91 and the end face of the crimped portion 27. 
[0187] In the case of this example, an outwardly flang- 
ed collar 72 is formed on the axially inner end rim ol the 

45 cylindrical portion 45 of the metal backing member 69b. 
When the metal backing member 69b is pressed onto 
the axially outer end portion of the housing 11, the tip 
portion of a press jig is made to abut against the outside 
face of the collar 72, without crushing the seal lip 68. 

so [0188] Other construction and operation are substan- 
tially the same as for the case of the above described 
seventh example. 

[01 89] FIG. 13 shows a ninth example of the embod- 
iment of the present invention. In the case of this exam- 
ss pie, by forming a stepped portion 73 on an inner periph- 
eral rim portion of the ring-shaped portion 46 of a metal 
backing member 69c supported on the axially outer end 
of the housing 11, then by a part of the axially outside 
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face on the inner diameter side portion of the ring- 
shaped portion 46, a portion for connecting the sea! tip 
68 to the bottom edge of the covering portion 70, is 
urged close to the axially inner end face of the inner ring 
50. The amount of the resilient material for the seal lip 5 
68 and the covering portion 70 is thus reduced by the 
amount by which the part of the axialty outside face of 
the ring-shaped portion 46 is made closer to the axially 
inner end face of the inner ring 50, thereby reducing the 
cost of the seal lip 68 and the covering portion 70. io 
[01 90] Other construction and operation are substan- 
tially the same as for the case of the above described 
eighth example. 

[0191] FIG. 14 shows a tenth example of the embod- 
iment of the present invention. In the case of this exam- is 
pie, a cylindrical portion 45 of a metal backing member 
69d for supporting a seal lip 68a is externally secured 
to the reduced diameter stepped portion 71 formed on 
the axially inner end portion of the inner ring 50. 
[0192] In addition, an axially inside face of a flat spring 20 
portion 91 of the metal backing member 69d is made to 
abut resiliency against the axially outer end face of the 
housing 1 1 via a part of the resilient material constituting 
the seal lip 68a. The tip edge of the seal lip 68a is also 
made to abut against a conical inclined face on the ax- 25 
ially outer end side in the outer peripheral face of the 
housing 11 around the whole periphery. 
[0193] In the case of this example, the size of diame- 
ter of the tip end edge of the seal lip 68a in a free state 
is made slightly larger than that of the outer end face of 30 
the housing 1 1 . The reason for this is to prevent the seal 
lip 68a from being turned over due to bumping of the tip 
edge of the seal lip 63a against the outer end face of the 
housing 11, when the splined shaft 30 is inserted into 
the splined bore 28. 35 
[0194] The reduced diameter stepped portion 71 
formed on the axially inner end portion of the inner ring 
50, being the portion where the cylindrical portion 45 of 
the metal backing member 69d is externally secured, 
may be deformed slightly when the axially inner end face 40 
of the inner ring 50 is attached to the axially inner end 
portion of the hub 6a by crimping. 
[0195] In the case of this example, therefore, a resil- 
ient material 74 such as rubber is bonded around the 
whole periphery on the inner peripheral face of the cy- 45 
lindrical portion 45 to make the fit strength of the cylin- 
drical portion 45 with respect to the reduced diameter 
stepped portion 71 sufficient and to ensure the sealing 
performance in the fitted portion, even if the reduced di- 
ameter stepped portion 71 is deformed to change the so 
diameter or the like of the reduced diameter stepped 
portion 71 . 

[0196] Other construction and operation are substan- 
tially the same. as for the case of the above described 
ninth example. 55 
[01 97] FIG. 1 5 shows an eleventh example of the em- 
bodiment of the present invention. In the case of this 
example, the base end edge of a seal lip 68b is bonded 



to the inner peripheral rim portion of a flat spring portion 
91 which constitutes a metal backing member 69d. 
Moreover, the tip edge of the seal lip 68b is made to abut 
resiliently against a curved face existing in a connecting 
portion between the outer peripheral face of the splined 
shaft 30 and the axially outer end face of the housing 1 1 . 
[0198] Furthermore, the base edge of a covering por- 
tion 70a is connected to the axially inside face of an in- 
clined portion 66 disposed on the inner diameter side 
portion of the ring-shaped portion 46, and the tip end 
edge of the covering portion 70a is extended towards 
the outer diameter side of the axially outer end portion 
of the housing 11, thereby covering the portion sealed 
by the seal lip 68b around the whole periphery. 
[0199] In addition, in the case of this example, the 
thickness of the resilient material which exists between 
the seal lip 68b and the covering portion 70a is made 
large, and the axially inside face of the resilient material 
abuts against the axially outer end face of the housing 
11 , the portion where the thickness is made large being 
designated as a resilient plate portion 75. In this case, 
by providing such a resilient plate portion 75, the func- 
tion to inhibit the splined shaft 30 from being displaced 
relative to the splined bore 28 further towards the left 
than as shown in FIG. 15 is made satisfactory. 
[0200] Other construction and operation are substan- 
tially the same as for the case of the above described 
tenth example. 

[0201] FIG. 16 showsatwelfth example of the embod- 
iment of the present invention. In the case of this exam- 
ple, an encoder 76 constitutes a rotation speed detec- 
tion unit mating with the sensor 48 and is supported and 
secured on the axially inside face of a seal ring 19a for 
closing an opening of the axial inner end of a space in 
which is disposed a plurality of rolling members 12. 
[0202] That is to say, in the case of this example, a 
combined seal ring is adopted as the seal ring 1 9a, with 
the encoder 76 bonded and secured to the axially inside 
face of a slinger 77 of the combined seal ring. The com- 
bined seal ring is externally secured to the axially inner 
end portion of the inner ring 50. The encoder 76 is 
formed in an overall ring shape from a permanent mag- 
net such as a rubber magnet in which ferrite powder is 
incorporated, and magnetized in the axial direction (in 
the right and left direction in FIG. 16). The magnetized 
direction is changed alternately in the circumferential di- 
rection at equal intervals. 

[0203] Therefore, on the axially inside face of the en- 
coder 76, south and north poles are arranged alternately 
at equal intervals. Also in the case of this example, the 
detection section of the sensor 48 supported on a fixed 
portion, such as the suspension unit or the like is made 
to face close to the axially inside face of the encoder 76 
when fitted to the vehicle, to freely detect the rotation 
speed of the drive shaft member 2Q which rotates asyn- 
chronously with the wheel. 

[0204] In the case of this example, a seal lip 68c con- 
nected to a metal backing member 69e externally se- 



75 



20 



25 



30 



35 



40 



45 



15 

NSDOCID: <EP 0936086A2_L> 



29 



EP 0 936 086 A2 



30 



cured to the axially outer end portion of the housing 11 , 
is formed in an overall annular shape with an approxi- 
mate U-shape cross-section, and comprises -a pair of 
ring-shaped portions 78a, 78b approximately parallel to 
each other, a connecting portion 79 for making the inner 
peripheral rims of the ring-shaped portions 78a, 78b 
continuous with each other and a protruding portion 80 
which is bent axially outward from the outer peripheral 
rim of the outside ring-shaped portion 78a of the ring- 
shaped portions 78a and 78b. 

[0205] With such a seal lip 68c, a portion on the outer 
periphery side in the inside ring-shaped portion 78b is 
securely connected by bonding or baking to a portion 
on the inner periphery side on the axially outside face 
of the ring-shaped portion 46 of the metal backing mem- 
ber 69e and to the inner peripheral rim portion of the 
ring-shaped portion 46. 

[0206] Moreover, the tip end edge of the protruding 
portion 80 is made to abut resiliency against the end 
face of the crimped portion 27 around the whole periph- 
ery. 

[0207] Furthermore, in this condition, a part of the ax- 
ially inside face of the axially inside ring-shaped portion 
78b is made to abut resiliently against the axially outer 
end face of the housing 11 around the whole periphery, 
to seal the fitted and secured portion between the metal 
backing member 69e and the axially outer end portion 
of the housing 11. The axial size (in the right and left 
direction of FIG. 16) of the seal lip 68c in a free state is 
made sufficiently larger than the axial space between 
the axially outer end face of the housing 11 and the end 
face of the crimped portion 27. 

[0208] In the case of this example constructed as de- 
scribed above, since the seal lip 68c is formed in an ap- 
proximate U-shape in cross -sect ion, the tip edge of the 
protruding portion 80 formed on the outer peripheral rim 
of the axially outside ring-shaped portion 78a can be dis- 
placed by a large amount in the axial direction. There- 
fore, even if the axial interval between the axially outer 
end face of the housing 11 and the end face of the 
crimped portion 27 is changed significantly (for exam- 
ple, by about 1 mm) due to the play existing in the cou- 
pling portion between the inside and outside engage- 
ment grooves 14 and 13 and the stop ring 35, the tip 
end edge of the protruding portion 80 can follow the 
change, thus sufficiently ensuring an abutting pressure 
of the tip end edge of the protruding portion 80 against 
the end face of the crimped portion 27. 
[0209] Since the seal lip 68c is formed in an approxi- 
mate U-shape in cross -section, the resistance to defor- 
mation of the middle part of the seal lip 68c can be made 
smaller than any frictional resistance acting on the abut- 
ting portion between the tip edge of the protruding por- 
tion 80 and the end face of the crimped portion 27, thus 
ensuring that the abutting portion does not slide during 
operation. Accordingly, the sealing performance of the 
seal lip 68c can be stabilized. 

[0210] In the case of this example, when the cylindri- 



cal portion 45 of the metal backing member 69e is 
pressed onto the axially outer end portion of the housing 
11 , a jig is pressed against a portion on the outer diam- 
eter side where the ring-shaped portion 78b of the seal 
5 lip 68c is not bonded, of the axially outside face of the 
ring-shaped portion 46 of the metal backing member 
69e. 

[0211] In other words, to ensure a portion for pressing 
the jig on the portion on the outer diameter side of the 

10 axially outside face of the ring-shaped portion 46, the 
size of the outer diameter of the ring-shaped portion 46 
is made sufficiently larger than that of the axially inside 
ring-shaped portion 78b of the seal lip 66c. 
[0212] Other construction and operation are substan- 

15 tially the same as for the case of the above described 
first and third examples. 

[0213] FIG. 17 shows a thirteenth example of the em- 
bodiment of the present invention. In the case of this 
example, the tip edge of a protruding portion 80 consti- 

20 tuting a seal lip 68c is made to abut against the axially 
inner end lace of the inner ring 50 around the whole pe- 
riphery. With this example therefore, the tip edge of the 
protruding portion 80 is made to abut against the axially 
inner end face of the inner ring 50 having a higher po- 

2S sitional accuracy and shape accuracy after being fitted 
than that of the end 1ace of the crimped portion 27. 
Hence the sealing performance of the seal lip 68c is fur- 
ther stabilized. 

[0214] In the case of this example, a collar 72 for 
30 pressing by a press jig is formed on the axially inner end 
rim of the cylindrical portion 45 of a metal backing mem- 
ber 69f externally secured to the axially outer end por- 
tion of the housing 1 1 . 

[0215] Accordingly, in the case of this example there 
35 is no larger allowance for a press portion for the press 
jig as in the above described twelfth example, on the 
outer diameter side of the axially outside face of the ring- 
shaped portion 46 of the metal backing member 69f . 
[0216] Other construction and operation are substan- 
40 tially the same as for the case of the above described 
twelfth example. 

[0217] FIG. 18 shows a fourteenth example of the em- 
bodiment of the present invention. In the case of this 
example, a metal backing member 69g for supporting a 

45 seal lip 68d is formed in the shape of a crank in cross- 
section, and the cylindrical portion 45 provided on the 
outermost diameter side is externally secured to the re- 
duced diameter stepped portion 71 formed on the axially 
inner end portion of the inner ring 50. The reason why 

50 the cylindrical portion 45 is externally secured to the re- 
duced diameter stepped portion 71 is to keep the cylin- 
drical portion 45 from interfering with the tip portion of 
the sensor 48. 

[0218] On the other hand, the seal lip 68d supported 
55 by the metal backing member 69g has a portion on the 
outer diameter side of an axially outside ring-shaped 
portion 78a connected to an inner peripheral edge por- 
tion of the metal backing member 69g, and makes the 
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tip edge of a protruding portion 80 provided on an outer 
peripheral rim of an axially inside ring-shaped portion 
78b abut against the axially outer end face of the hous- 
ing 11 around the whole periphery. 
[0219] In the case of this example, a part of the resil- 
ient material constituting the seal lip 68d is bonded to 
the inner peripheral face of the cylindrical portion 45. 
Therefore, even if the reduced diameter stepped portion 
71 is deformed when the crimped portion 27 is formed, 
the fit strength of the cylindrical portion 45 to the reduced 
diameter stepped portion 71 can be made suitable, and 
the sealing performance of the fitting portion of the cy- 
lindrical portion 45 can be ensured. 
[0220] Other construction and operation are substan- 
tially the same as for the case of the above described 
twelfth example. 

[0221] FIGS. 19 and 20 show a fifteenth example of 
the embodiment of the present invention. In the case of 
this example, a seal member or seal lip 68e is supported 
on a metal backing member 69e externally secured to 
the axially outer end portion of the housing 11 and 
formed in an approximate cylindrical shape overall, and 
in a kink-shape in cross-section. The axially inner end 
portion or base end of the seal lip 68e is bonded to the 
outer peripheral face of a cylindrical portion 45 and the 
outer peripheral rim portion of a ring-shaped portion 46 
of the metal backing member 69e. 
[0222] Moreover, an anchoring protrusion 81 is 
formed on an inner peripheral face of a tip portion 
around the whole periphery and engaged in an anchor- 
ing groove 82 formed in the reduced diameter stepped 
portion 71 of the inner ring 50 around the whole periph- 
ery. The height of the anchoring protrusion 81 is made 
larger than the depth of the anchoring groove 82. 
[0223] Moreover, the diameter of the inner peripheral 
rim of the anchoring protrusion 81 in a free state is made 
smaller than that of the bottom face of the anchoring 
groove 82. Therefore, with the anchoring protrusion 81 
is engaged in the anchoring groove 82, the inner periph- 
eral rim of the anchoring protrusion 81 abuts resiliently 
against the bottom face of the anchoring groove 82 
around the whole periphery. In other words, the tip por- 
tion of the seal lip 68e is externally fitted to the bottom 
face of the anchoring groove 82. In this condition, the 
space between the hub 6a and the drive shaft member 
29 is sealed. 

[0224] When engaging the anchoring protrusion 81 in 
the anchoring groove 82, the splined shaft 30 is inserted 
into the splined bore 28 from the right to the left in FIG. 
19, with the metal backing member 69e externally se- 
cured on the axially outer end portion of the housing 11 . 
By this insertion operation, the anchoring protrusion 81 
formed on the tip portion of the seal lip 68e is resiliently 
widened in the inner diameter, while being guided over 
a the chamfered portion 83 formed in a conical convex 
shape and provided on the axially inner end rim of the 
reduced diameter stepped portion 71. Then, after fol- 
lowing over the outer peripheral face of the reduced di- 



ameter stepped portion 71 , the inner diameter is again 
reduced to enter into the anchoring groove 82. 
[0225] In the case of this example constructed as de- 
scribed above, even if the housing 11 and the anchoring 

s groove 82 formed on the outer peripheral face of the re- 
duced diameter stepped portion 71 are axially displaced 
relative to each other due to the play existing between 
the engagement portion of the inside and outside en- 
gagement grooves 14 and 13 and the stop ring 35, a 

10 kinked portion 84 formed in the middle part of the seal 
lip 68e bends, thereby allowing the anchoring protrusion 
81 formed on the tip portion of the seal lip 68e to follow 
the anchoring groove 82. 

[0226] Hence, sliding is not caused in the abutting 

is portion between the inner peripheral rim of the anchor- 
ing protrusion 81 and the bottom face of the anchoring 
groove 82, and deterioration ol the sealing performance 
due to wear or the like can be prevented. 
[0227] In the case of this example, the size of the inner 

20 diameter of the ring-shaped portion 46 of the metal 
backing member 69e is made sufficiently smaller than 
that of the anchoring protrusion 81 provided at the tip 
portion of the seal lip 68e in a free state. Hence, when 
the metal backing member 69e is pressed onto and se- 

25 cured to the outer end portion of the housing 11 , the tip 
portion of the seal lip 68e does not interfere with the 
press jig which is made to abut against the axially out- 
side face of the ring-shaped portion 46 of the metal 
backing member 69e Other construction and operation 

30 are substantially the same as for the case of the above 
described twelfth example. 

[0228] FIG. 21 shows a sixteenth example of the em- 
bodiment of the present invention. In the case of this 
example, the inner ring 50 is held on the axially inner 

35 end portion of the hub 6a by a stop ring 85 engaged in 
the axially inner end portion of the hub 6a. That is to say, 
an anchoring groove 86 is formed on the outer periph- 
eral face of the axially inner end portion of the hub 6a 
around the whole periphery, and the stop ring 85 is en- 

40 gaged in the anchoring groove 86. The stop ring 85 is 
composed of a pair of stop ring elements, each being 
semicircular. Such a stop ring 85 is forced to press the 
inner ring 50 against the hub 6a axially outward to impart 
a suitable preload to the rolling members 12, while en- 

45 gaging the inner peripheral rim portion thereof in the an- 
choring groove 86. 

[0229] Furthermore, as the stop ring 85, one is select- 
ed having a suitable thickness to keep a sufficient 
preload on the rolling members 12, even when the 
50 above-mentioned force pressing the inner ring 50 axially 
outward is released. 

[0230] Other construction and operation are substan- 
tially the same as for the case of the above described 
fifteenth example. 
55 [0231] FIG. 22 shows a seventeenth example of the 
embodiment of the present invention. In the case of this 
example, a metal backing member 69h for supporting a 
seal lip 68f is supported and secured to the axially inner 
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end portion of the hub 6a. A part of the metal backing 
member 69h is disposed on the circumference of the 
stop ring 85 for holding the inner ring 50 on the axiaily 
inner end portion of the hub 6a. Hence, in the case of 
this example, the pair of stop ring elements constituting 
the stop ring 85 are prevented from being displaced ra- 
dially outward and thus inadvertently coming out from 
the anchoring groove 86 formed towards the axiaily in- 
ner end on the outer peripheral face of the hub 6a. 
[0232] That is to say, the metal backing member 69h 
is formed in an overall circular shape and in the shape 
of a crank in cross-section, and comprises a small di- 
ameter cylindrical portion 37 for externally securing to 
the axiaily inner end portion of the hub 6a, a ring-shaped 
portion 88 bent a radially outward from the axiaily outer 
end nm ol the small diameter cylindrical portion 87, and 
a large diameter cylindrical portion 89 bent axiaily out- 
ward from the outer peripheral rim of the ring-shaped 
portion 88. 

[0233] The axiaily outside face of the ring-shaped por- 
tion 68 is made to abut against or face close to the axiaily 
inside face of the stop ring 85, while the inner peripheral 
face of the large diameter cylindrical portion 89 is made 
to abut against or face close to the outer peripheral face 
of the stop ring 85. 

[0234] The axiaily outer end or base end of the seal 
lip 68f is connected to the outer peripheral face of the 
cylindrical portion 89 with a larger diameter and the out- 
er peripheral rim portion of the ring-shaped portion 8E, 
while the inner peripheral rim of an anchoring protrusion 
81 disposed on the inner peripheral face of the axiaily 
inner end or tip end of the seat lip 68f is made to abut 
against the bottom face of an anchoring groove 82a 
formed on the outer peripheral face of the axiaily outer 
end portion of the housing 11 around the whole periph- 
ery. 

[0235] In the case of this example also, a chamfered 
portion 83a is formed on the axiaily outer end rim portion 
of the housing 11, which serves as a guide face when 
the anchoring protrusion 81 disposed at the tip portion 
of the seal lip 68f is engaged in the anchoring groove 
82a. 

[0236] Other construction and operation are substan- 
tially the same as for the case of the above described 
sixteenth example. 

[0237] FIG. 23 shows an eighteenth example of the 
embodiment of the present invention. In the case of this 
example, the hub 6e comprises a hub main body 102, 
a pair of inner rings 50 and a nut 103. That is to say, the 
hub 6e is constituted by screwing and fastening the nut 
103 on an external thread formed on the axiaily inner 
end portion of the hub main body 102 : with the pair of 
inner rings 50 externally fitted to the hub main body 1 02. 
[0238] In addition, a washer 104 is positioned be- 
tween the nut 103 and the inside inner ring 50. An outer 
ring 1 is internally fitted to the inside of a support bore 

105 formed in a knuckle 40, and held between a collar 

106 formed on the inner peripheral face of an opening 



on one end of the support bore 105 and a stop ring 107 
engaged with the inner peripheral face of the other end 
of the support bore 105, from axiaily opposite sides. 
[0239] Other construction and operation are substan- 

s tially the same as for the case of the above described 
fourth example shown in FIG. 7. Here, with the pair of 
inner rings 50, the axiaily outside inner ring 50 may be 
formed integrally with the hub main body 102. 
[0240] FIGS. 24 and 25 show a nineteenth example 

10 of the embodiment of the present invention. In the case 
of this example, the inside engagement portion or inside 
engagement groove 1 4 is formed on the outer peripheral 
face of the middle part on the outer end side of the 
splined shaft 30 around the whole periphery. Moreover, 

is an outside engagement portion or stepped portion 108 
is formed on the circumference of the opening on the 
axiaily outer end of the splined bore 28 formed in the 
central portion of the hub 6a, at a position coordinated 
with the inside engagement groove 14, around the 

20 whole periphery. An annular stop ring 109, a part of 
which is shown in FIG. 25, is fitted between the inside 
engagement groove 1 4 and the stepped portion 1 08, so 
as to span therebetween. 

[0241] The stop ring 109 is formed in an overall annu- 
ls lar shape from a resilient metal plate, for example, a 
spring steel such as SK5, a stainless spring steel or the 
like, so that the thickness thereof can be resiliently con- 
tracted freely in the axial direction (the right and left di- 
rection in FIG. 24). More specifically, the stop ring 109 
30 is provided with a ring-shaped portion 110 around the 
whole periphery on the outer peripheral side, and a plu- 
rality of resilient tongues 111 formed on the inner periph- 
eral rim portion of the ring-shaped portion 1 1 0 protruding 
radially inward and in the axial direction. 
35 [0242] The diameter of the inscribing circle at the tip 
edge (end edge on the inner peripheral side) of the plu- 
rality of resilient tongues 111 which constitute the stop 
ring 109 is made smaller than the diameter of the cir- 
cumscribing circle of the splined shaft 30, in a free state 
40 of the stop ring 109. 

[0243] The stop ring 1 09 is externally fitted to the ax- 
iaily outer end portion of the splined shaft 30, with the 
tip portion (end portion on the inner peripheral side) of 
the plurality of resilient tongues 111 resiliently deformed 
45 jn a radially outward direction of the stop ring 109. 

[0244] The tip end portion of the resilient tongues 111 
are then resiliently restored radially inward, so that the 
plurality of resilient tongues 111 fit into the inside en- 
gagement groove 14, with the tip end portion of the re- 
so silient tongues 111 and the inside engagement groove 
14 engaged with each other. In this state, the ring- 
shaped portion 11 0 is made to abut against the stepped 
portion 108. 

[0245] It is a matter of course in this case, the diam- 
55 eter of the groove bottom of the inside engagement 
groove 14 is restricted (the diameter of the groove bot- 
tom of the inside engagement groove 1 4 is made small- 
er than the diameter of the groove bottom of the male 
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splines) and the width of the tip portion of the resilient 
tongues 111 is also restricted (the width is made larger 
than the width of the splined grooves), so that the resil- 
ient tongues 1 1 1 cannot come away from the inside en- 
gagement groove 14 along the splined grooves formed 5 
on the outer peripheral face of the splined shaft 30. The 
ring-shaped portion 110 may be formed in a segment 
circle, to make it easy to perform the work of engaging 
the respective resilient tongues 111 with the inside en- 
gagement groove 14. 10 
[0246] Alternatively, the spline grooves may be left off 
the tip portion of the splined shaft 30, on the tip end side 
of the inside engagement groove 1 4 with which the stop 
ring 109 is engaged, so that the splined shaft 30 has a 
cylindrical face with a smaller diameter than that of the is 
groove bottom of the splined grooves. In this case, the 
diameter of the bottom portion of the inside engagement 
groove 14 will be smaller than the outer diameter of the 
cylindrical face. 0 

[0247] Incidentally, in the present case, the stop ring 20 
1 09 is mounted after the splined shaft 30 is inserted into 
the splined hole 28. 

[0248] As in the first example shown in Fig. 1 , it is im- 
possible to insert the splined shaft 30 into the splined 
hole 28 in the state where the stop ring 35 is previously 2s 
installed in the splined shaft 30. 

[0249] Furthermore, a seal member 112 comprising a 
metal backing member 69 i and a resilient plate 49, is 
disposed between the axially outer end face of the hous- 
ing 11 provided on the axially inner end portion of the 30 
drive shaft member 29 provided with the splined shaft 
30 ; and the axially inner end face of the hub 6a. 
[0250] The metal backing member 69i of the seal 
member 112 is made by forming a metal plate, for ex- 
ample, a carbon steel plate such as SPCC in an overall 35 
annular shape with an L-shape in cross-section, and is 
secured on the axially outer end portion of the housing 
1 1 . Specifically, the cylindrical portion 45 formed on the 
outer peripheral rim portion of the metal backing mem- 
ber 69i is externally fitted onto the axially outer end por- 40 
tion of the housing 11 by an interference fit. 
[0251] The resilient plate 49 made by forming an elas- 
tomer such as rubber, vinyl or the like in a ring form, is 
attached to the axially outside face of the ring-shaped 
portion 46 of the metal backing member 69i around the 45 
whole periphery by baking or bonding. 
[0252] Such a resilient plate 49 of the seal member 
1 1 2 is resilienlly clamped belween Ihe axially ouler end 
face of the housing 11 and the crimped portion 27 exist- 
ing on the axially inner end face of the hub 6a, with the so 
stop ring 109 spanning between the inside engagement 
groove 14 and the stepped portion 108. 
[0253] The resilient force for clamping the resilient 
plate 49 therebetween based on the resilience of the 
stop ring 109 is set to be slightly larger than the thrust ss 
load applied to the splined shaft 30 at the time of driving, 
for example, around 100 kgf. With the axle unit for sup- 
porting the wheel of this example, the resilient plate 49 



is resiliently clamped between the axially outer end face 
of the housing 11 and the crimped portion 27 by span- 
ning the stop ring 109 between the inside engagement 
groove 1 4 and the stepped portion 1 08 in an axially com- 
pressed state, thereby positioning the hub 6a and the 
drive shaft member 29 in the axial direction. 
[0254] In the case of the axle unit for driving the wheel 
of this example constructed as described above, the 
stop ring 109 has resilience in the axial direction, and 
the resilient plate 49 is resiliently clamped between the 
crimped portion 27 existing on the axially inner end face 
of the hub 6a and the axially outer end face of the hous- 
ing 11, with the stop ring 109 spanning between the in- 
side engagement groove 14 and the stepped portion 
108. Therefore, regardless of vibration caused during 
driving, abnormal sounds due to bumping between the 
members do not occur. Moreover, while driving an au- 
tomobile, the thrust load produced in the section of the 
tripod type constant velocity joint (not shown) provided 
on the differential gear side, is applied to the drive shaft 
member 29 via a drive shaft (not shown). 
[0255] Since the direction of the thrust load changes 
depending upon the operational state of the tripod type 
constant velocity joint, a force in a direction to pull out 
the drive shaft member 29 from the hub 6a is applied in 
certain instances. 

[0256] However, even in this case, since the force 
clamping the resilient plate 49 based on the resilience 
of the stop ring 109 is set to be larger than the thrust 
load applied to the splined shaft 30 with the tripod type 
constant velocity joint being driven, for example, around 
100 kgf, then the drive shaft member 29 and the hub 6a 
will not be displaced axially. Accordingly, the crimped 
portion 27 and the resilient plate 49 are not separated, 
and the sealing performance between the drive shaft 
member 29 and the hub 6a by means of the resilient 
plate 49 can be ensured, regardless of the thrust load 
applied during driving. 

[0257] FIGS. 26 and 27 show a twentieth example of 
the embodiment of the present invention. In the case of 
this example, as a stop ring 1 09a spanning between the 
inside engagement groove 14 on the outer peripheral 
face of the splined shaft 30 of the drive shaft member 
29 and the stepped portion 108 on the inner peripheral 
face of the hub 6a, a corrugated plate spring in the shape 
of segment circle is used. 

[0258] The stop ring 109a formed from a similar resil- 
ient metal plate as the stop ring 109 used in the nine- 
teenth example described above is spanned between 
the inside engagement groove 14 and the stepped por- 
tion 108, with the inner diameter thereof resiliently ex- 
panded. 

[0259] Other construction and operation are substan- 
tially the same as for the case of the above described 
nineteenth example, hence similar components are de- 
noted by the same symbols, and repeated description 
is omitted. 

[0260] FIG. 28 shows a twenty-first example of the 
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embodiment of the present invention. In the case of this 
example, at the tip portion of the splined shaft 30 of the 
drive shaft member 29, a cylindrical portion 113 is 
formed. The outer diameter of the cylindrical portion 113 
is smaller than the diameter of the inscribing circle of the 
groove bottom of the splined groove formed on the 
splined shaft 30. The inside engagement portion or in- 
side engagement groove 1 4 is formed in the axially mid- 
dle part of the cylindrical portion 113 around the whole 
periphery. 

[0261] Moreover an outside engagement portion or 
stepped portion 108 is formed on the circumference of 
the axially outer end opening of the splined bore 28, at 
a position coordinated with inside engagement groove 
14 t around the whole periphery. 

[0262] A stop ring 1 5d in the shape of a segment circle 
and a circular spacer 114 are fitted between the inside 
engagement groove 14 and the stepped portion 108, 
spanning between the inside engagement groove 14 
and the stepped portion 108. 

[0263] The above described stop ring 1 5d is a resilient 
metal plate, for example, a spring steel such as SK5 or 
a stainless spring steel, and is formed in the shape of 
segment circle overall so that the diameter can be resil- 
iency expanded and contracted freely. The inner diam- 
eter of the stop ring 15d in a free state is smaller than 
the outer diameter of the cylindrical portion 113. More- 
over, the inner diameter of the spacer 114 is slightly larg- 
er than the outer diameter of the cylindrical portion 113, 
and the outer diameter of the spacer 114 is sufficiently 
larger than the inner diameter of the splined bore 30. 
[0264] Furthermore, a seal member 1 1 2 comprising a 
metal backing member 69i and a resilient plate 49 is dis- 
posed between the axially outer end face of the housing 
1 1 and the axially inner end face of the hub 6a, in a sim- 
ilar mannerto in the nineteenth example shown in FIGS. 
24 and 25. The resilient plate 49 constituting the seal 
member 112 is clamped in a resiliently compressed 
(preload applied) state between the axially outer end 
face of the housing 11 and the inner end face of the hub 
6a, with the stop ring 15d and the spacer washer 114 
spanning between the inside engagement groove 14 
and the stepped portion 108. 

[0265] With the drive wheel axle unit of this example, 
the resilient plate 49 is resiliently clamped between the 
axially outer end face of the housing 11 and the crimped 
portion 27 by spanning the stop ring 15d together with 
the spacer washer 114 between Ihe inside engagement 
groove 1 4 and the stepped portion 1 08 in an axially com- 
pressed state, thereby positioning the hub 6a and the 
drive shaft member 29 in the axial direction. 
[0266] In the case of the axle unit of this example con- 
structed as described above, since the spacer 1 1 4 is dis- 
posed between the stop ring 15d and the stepped por- 
tion 108, these stop ring 15d and the stepped portion 
1 08 are prevented from abutting against each other over 
a small area. As a result, fretting wear can be prevented 
from occurring on the stop ring 1 5d and the stepped por- 



tion 108, irrespective of the thrust load applied between 
the drive shaft member 29 and the hub 6a at the time of 
driving. 

[0267] That is to say, the stop ring 15d cannot be 
s made wide radially because it must be resiliently en- 
larged diametrically at the time of engaging in the inside 
engagement groove 14, thus restricting the outer diam- 
eter of the stop ring 1 5d. 

[0268] Moreover, the diameter of the opening periph- 

10 eral edge of the splined bore 28 is somewhat large, due 
to a chamfered portion existing in the opening. There- 
fore, when only the stop ring 15d is provided between 
the inside engagement groove 14 and the stepped por- 
tion 108, the abutmenl area between the stepped por- 

is tion 108 and the stop ring 1 5d is narrow, and hence the 
surface pressure on the abutting portion becomes high 
so that fretting wear easily occurs at the abutting portion. 
[0269] On the contrary, in the case of the drive wheel 
axle unit of this example, by providing the spacer 114 

20 and thus ensuring a suitable abutment area between the 
opposite faces of the spacer 114 and the stepped por- 
tion 108 and the stop ring 15d, the surface pressure on 
the abutting portion can be reduced, and fretting wear 
can thus be prevented from occurring at the abutting 

2B portion. In addition, the resilience force (preload) ap- 
plied to the resilient plate 49 is preferably set to be slight- 
ly larger than the thrust load applied to the splined shaft 
30 at the time of drivin g, for example, about 1 00 kgf , due 
to the reason as in the nineteenth example as shown in 

30 Figs. 24 and 25, and as in the twentieth example as 
shown in Figs. 26 and 27. 

[0270] Other construction and operation are substan- 
tially the same as for the case of the above described 
nineteenth and twentieth examples. 

35 [0271] FIG . 29 shows a twenty-second example of the 
embodiment of the present invention. In the case of this 
example, a resilient ring 1 1 5 made of an elastomer such 
as rubber, vinyl or the like is clamped between the spac- 
er 1 1 4 and the stepped portion 1 08 with the resilient ring 

40 115 resiliently compressed between the spacer 1 1 4 and 
the stepped portion 1 08. 

[0272] In the example shown in FIG. 29, the resilient 
ring 115 is plated or bonded to the inside face of the 
spacer 114, so that the resilient ring 115 can be handled 

45 integrally with the spacer 114. In such a case, the cap 
34 (FIG. 28) fitted to the hub 6a in the above described 
twenty-first example is omitted because.the resilient ring 
1 1 5 seals the space between the spacer washer 114 and 
the stepped portion 1 08 against the foreign matter which 

so may otherwise enter through the axially outside end 
opening of the center bore of the hub 6a. 
[0273] Other construction and operation are substan- 
tially the same as for the case of the above described 
twenty-first example, hence similar components are de- 

ss noted by the same symbols, and repeated description 
is omitted. 

[0274] FIG. 30 shows a twenty-third example of the 
embodiment of the present invention. In the case of this 
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example, the outer diameter of the crimped portion 27 
formed on the axially inner end portion of the hub 6a, in 
relation to the outer diameter of the inner ring 50 exter- 
nally secured to the axially inner end portion of the main 
body of the hub 6a, is made smaller than that in the 
above described twenty-first and twenty-second exam- 
ples. Accordingly, in the case of this example, half of the 
axially inner end face of the inner ring 50 on the outer 
diameter side is exposed around the circumference of 
the outer peripheral rim of the crimped portion 27. 
[0275] Moreover, in the case of this example, a seal 
member 112 is disposed between the exposed portion 
on the outer diameter side of the axially inner end face 
of the hub 6a and the axially outer end face of the hous- 
ing 11. 

[0276] In this example as constructed above, the end 
face of the seal member 11 2 is abutted to the end face 
of the flat inner ring 50, so that uniform deformation is 
produced in the seal member 112. As s result, the thrust 
load which is borne by the seal member 112 can be 
large. 

[0277] Other construction and operation are substan- 
tially the same as for the case of the above described 
twenty-second example, hence similar components are 
denoted by the same symbols, and repeated description 
is omitted. Here, the construction with the seal member 
1 12 disposed between the exposed portion on the outer 
diameter side of the axially inner end face of the inner 
ring 50 which constitutes the hub 6a and the axially outer 
end face of the housing 1 1 may be produced by the con- 
struction of the twenty-first example shown in FIG. 28 
described above. 

[0278] FIGS. 31 and 32 show a twenty-fourth example 
of the embodiment of the present invention. In the case 
of this example, the outer end opening of the space in 
which the splined engagement portion of the splined 
shaft 30 and the splined bore 28 exists is blocked by a 
cap 34b formed by combining a first element 116 and a 
second element 117. 

[0279] The first element 1 1 6 is formed in a closed end 
cylinder shape by deep-drawing a metal plate, and com- 
prises a cylindrical portion 118 serving as a fitting and 
securing portion and a bottom plate 1 1 9 for blocking the 
axially outer end opening of the cylindrical portion 118. 
[0280] Moreover, an outwardly flanged collar 120 is 
formed on the outer peripheral face ol the middle part 
of the cylindrical portion 118 by buckling and deforming 
the metal plate so that the metal plale is folded back by 
180 degree. 

[0281 ] The second element 1 1 7 is formed in a closed 
end cylinder shape from a synthetic resin, and compris- 
es a cylindrical portion 121 , the shape of the outer pe- 
ripheral face thereof being aligned with or freely capable 
of being aligned with a shape of the inner peripheral face 
on the axially outer end side of the hub 6a, and a bottom 
plate 1 22 which is a blocking plate disposed to block the 
axially inner end opening of the cylindrical portion 121. 
[0282] The cylindrical portion 121 comprises a large 



diameter cylindrical portion 123, a small diameter cylin- 
drical portion 1 24 and a connecting portion 1 25 connect- 
ing the axially inner end rim of the large diameter cylin- 
drical portion 1 23 to the axially outer end rim of the small 

5 diameter cylindrical portion 124. The bottom plate 122 
is disposed to block the axially inner end opening of the 
small diameter cylindrical portion 124. 
[0283] The cap 34b is constructed by combining the 
first element 116 and the second element 117 back to 

io back. That is to say, when the first and second elements 
116 and 1 1 7 are combined, as shown in FIG. 32 in detail, 
the axially inner half part of the cylindrical portion 118 in 
the first element 116 is made to engage in an engage- 
ment groove 1 26 formed around the whole periphery on 

15 the outer peripheral face on the axially outer end of the 
large diameter cylindrical portion 123 in the second el- 
ement 117. 

[0284] At the same time, a protruding anchoring por- 
tion 127 is formed around the whole periphery on the 

20 outer peripheral face at the axially outer end of the large 
diameter cylindrical portion 123 and engaged in a V- 
shaped groove 128 formed when the collar 120 is being 
formed, on the inner peripheral face of the middle part 
of the cylindrical portion 118. 

25 [0285] In the combined state as described above, the 
shape and the size of respective portions are restricted 
so that the engagement portion between the axially in- 
ner half of the cylindrical portion 118 and the engage- 
ment groove 1 26, and the engagement portion between 

30 the protruding anchoring portion 1 27 and the V-shaped 
groove 128 are sufficiently sealed. 
[0286] When the cap 34b is attached to the axially out- 
er end opening of the hub 6a to seal the axially outer 
end opening of the hub 6a, the axially inner half of the 

35 cylindrical portion 118 of the first element 116 is inter- 
nally secured to an axially outer end portion of a posi- 
tioning cylindrical portion 1 29 provided at the axially out- 
er end of the hub 6a, by an interference fit, while the 
second element 117 is inserted into the inner diameter 

40 side on the axially outer end side of the hub 6a. 

[0287] At the same time, the collar 1 20 is made to abut 
against the axially outer end face of the positioning cy- 
lindrical portion 129. The positioning cylindrical portion 
129 is for positioning a driven wheel, not-shown, with 
respect to the axially outer end portion of the hub 6a, 
when the driven wheel is mounted on the mount flange 
7. When the driven wheel is mounted on the mount 
flange 7, the positioning cylindrical portion 129 is insert- 
ed into a circular hole formed in the center of the driven 

50 wheel. 

[0288] With the cap 34b mounted in the axially outer 
end opening of the hub 6a as described above, the outer 
peripheral face of the cylindrical portion 121 of the sec- 
ond element 117 abuts generally against or is close to 
55 the inner peripheral face on the axially outer end side of 
the hub 6a. 

[0289] That is to say, the outer peripheral face of the 
large diameter cylindrical portion 123 abuts against the 
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inner peripheral face of the positioning cylindrical por- 
tion 129, the outer peripheral face of the small diameter 
cylindrical portion 1 24 abuts against the inner peripheral 
face of the small diameter portion 130 formed on the 
inner peripheral face of the middle part of the hub 6a, 
and the axially outside face of the connecting portion 
1 25 abuts against an inclined portion 1 31 and a stepped 
portion 1 32 which exist in a space between the inner 
peripheral face of the positioning cylindrical portion 129 
and the inner peripheral face of the small diameter por- 
tion 130, respectively. 

[0290] At the same time, the bottom plate 122 which 
constitutes the second element 117 faces close to the 
tip face of the splined shaft 30 with the bottom plate 122 
blocking the axially outer end opening of the space 
where the engagement portion of the splined shaft 30 
and the splined bore 28 exists. 

[0291] As described above, in the case of this exam- 
ple, by providing the blocking plate or bottom plate 122 
of the cap 34b axially inward of the cylindrical portion 

118 which is the fitting and securing portion, the bottom 
plate 1 22 is made to face close to the tip end face of the 
splined shaft 30. Accordingly, the volume of the space 
where the engagement portion of the splined shaft 30 
and the splined bore 28 exists can be made small to 
reduce the amount of grease filled in the space. In the 
case of this example, the grease filled in that space may 
enter into the portion on the axially outer end side of the 
bottom plate 122, that is, the portion between the outer 
peripheral face of the cylindrical portion 1 21 in the sec- 
ond element 117 and the inner peripheral face on the 
outer end side of the hub 6a. 

[0292] The coupled portion of the first and the second 
elements 116 and 117 which exist in the axially outer 
end portion between these opposite outer and inner pe- 
ripheral faces, and the fitted portion between the cylin- 
drical portion 118 and the positioning cylindrical portion 
129, however, has sufficient sealing performance. 
Therefore, even if the grease enters into the space be- 
tween the opposite outer and inner peripheral faces, the 
grease does not leak outside through the engagement 
portion and the fitted portion. 

[0293] in the case of this example, moreover, the cy- 
lindrical portion 1 1 8 which is the fitting and securing por- 
tion is internally secured at the axially outer end portion 
of the positioning cylindrical portion 1 29 defining the ax- 
ially outer end opening of the hub 6a. Hence, the cylin- 
drical portion 118 can be easily internally secured to the 
hub 6a. The construction of the seal member including 
the metal backing member 69b which is incorporated in 
this example is substantially the same as that for the 
eighth example shown in FIG. 12 described above. 
[0294] FIG. 33 shows a twenty-fifth example of the 
embodiment of the present invention. In the case of this 
example, a first element 116a which constitutes a cap 
34c is prepared by die-cast molding an aluminum alloy. 
Moreover, on the axially outside face of a bottom plate 

119 in the first element 116a, a molding 133 for improv- 



ing the appearance is provided by the die cast molding. 
A second element 1 1 7a made of a synthetic resin is cou- 
pled integrally with the first element 116a by blow mold- 
ing to constitute the cap 34c. Therefore, the edge on the 

s axially outer end side of the large diameter cylindrical 
portion 123 of the second element 117a is bonded 
around the whole periphery to the edge on the axially 
inner end side of the cylindrical portion 118 of the first 
element 116a. The bonding strength between the first 

10 element 116a and the second element 11 7a can be im- 
proved by forming through holes or bottomed holes in 
the tip portion of the cylindrical portion 118. 
[0295] Moreover, to perform the blow molding as de- 
scribed above, a blowing orifice 1 34 for blowing air into 

75 a space between the first element 1 1 6a and the second 
element 1 1 7a is formed in the central portion of a bottom 
plate 119 which constitutes the first element 116a. The 
blowing orifice 1 34 is blocked after completion of the cap 
34c. 

20 [0296] In the case of this example, to match the shape 
of the outer peripheral face of a cylindrical portion 121 
of the second element 117a with the shape of the inner 
peripheral face on the axially outer end side of the hub 
6a, the small diameter cylindrical portion 124 (see FIG. 

25 31 ) is not formed on the cylindrical portion 121 . 

[0297] Other construction and operation are substan- 
tially the same as for the case of the above described 
twenty-fourth example. 

[0298] FIG. 34 shows a twenty-sixth example of the 

30 embodiment of the present invention. In the case of this 
example, a hole or circular bottomed hole 1 35 is formed 
in the central part of the tip face of the splined shaft 30 
which constitutes the drive shaft member 29. 
[0299] Moreover, an outside engagement portion or 

35 outside engagement groove 1 36 is formed around the 
whole periphery on the inner peripheral face of the bot- 
tomed hole 1 35. Into the bottomed hole 1 35, a part of a 
coupling shaft member 1 37 which is a separate body of 
the hub 6a is inserted. 

40 [0300] The coupling shaft member 1 37 comprises a 
cylindrical portion 138 which can be inserted into the 
bottomed hole 135 without rattling, and an outwardly 
flanged retaining collar 1 39, formed on the axially outer 
end portion of the cylindrical portion 138. 

45 [0301] At a position coordinated with the outside en- 
gagement groove 136 on the outer peripheral face of 
the cylindrical portion 138, with the retaining collar 139 
made to abut against a stepped portion 108 formed on 
the peripheral rim portion of the opening of the splined 

so bore 28, an inside engagement portion or inside en- 
gagement groove 140 is formed around the whole pe- 
riphery. 

[0302] Moreover, a stop ring 35 made of a resilient 
material is fitted between the inside engagement groove 
55 140 and the outside engagement groove 136, with the 
stop ring 35 spanning between the inside engagement 
groove 140 and the outside engagement groove 136. 
[0303] A part of the hub 6a is clamped between the 
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retaining collar 139 and the housing 11 provided at the 
bottom end portion of the drive shaft member 29 with an 
O-ring 42, which is a seal member made of a resilient 
material, resiliently compressed, and the coupling shaft 
member 1 37 coupled to the tip end portion of the splined 
shaft 30 via the stop ring 35. Moreover, the axially outer 
end opening of the hub 6a is sealed by a cap 34. 
[0304] With this construction, axial positioning ol the 
hub 6a with respect to the coupling shaft member 1 37 
and the drive shaft member 29 is effected, and the 
splined engagement portion between the splined bore 
28 and the splined shaft 30 is sealed. 
[0305] Other construction and operation are substan- 
tially the same as for the case of the above described 
fourth example shown in FIG. 7 described above, hence 
similar components are denoted by the same symbols, 
and repeated description is omitted. 
[0306] Next, Fig. 35 shows another example of the 
embodiments of the present invention. In this example, 
a thread hole 141 is formed in the center portion ol the 
tip end surface of the spline shaft 30 of the drive shaft 
member 29. And a bolt 142 is screwed into the threaded 
hole 141 and tightened; so that a retaining plate 143 in 
a circular ring shape, that is a connecting member, is 
securely connected to the tip end of the drive shaft mem- 
ber 29. In addition, an O ring 42 is supported in the sup- 
port hole 141 on the axially outer end of the housing 
portion 11 , and the hub 6a is resiliently held in the axial 
direction between the retaining plate 143 and the Oring 
42. 

[0307] Incidentally, in the present case, a brim portion 
144 is formed on the outer peripheral surface at the ax- 
ially outer end of the housing portion 11. When the 
splined shaft 30 is inserted into the splined hole 28, a 
robot arm grasps the outer peripheral surface of the 
housing portion 11 to force the housing portion 11 from 
right to left in Fig. 35. At this time, the brim portion 1 44 
serves as a stopper 1o prevent the robot arm from being 
removed from the housing portion 11. In this structure 
where the robot arm is used for providing spline engage- 
ment between the splined shaft 30 and the splined hole 
28, there is no need of process to form the engagement 
groove 54 for engagement with the drawing tool in the 
concave hole 53 at the central portion of the tip end sur- 
face of the splined shaft 30 (See Fig. 3). In addition, in 
this structure, automatic assembling using robots is pos- 
sible. 

[0308] The structure and function of the other parts 
are substantially the same to those of the example of 
Fig. 34. And like cords are attached to the like members 
and redundant explanation is omitted. 
[0309] With the present invention constructed and op- 
erated as mentioned above, the compact and light 
weight axle unit for driving the wheel is realized with x- 
cellent durability and reliability, by which the comforta- 
bility, power performance and fuel performance of auto- 
mobiles are improved. The component parts are pre- 
vented from bumping against each other during opera- 



tion, and abnormal noise, vibration and fretting wear are 
prevented from occurring. Therefore, the comfortability 
of automobiles having the axle unit installed therein can 
be improved, and the durability of the axle unit can be 
5 improved. 



Claims 

10 1. An axle unit for driving a vehicle wheel combined 
with a constant velocity joint and comprising: 

an outer ring being stationary during use and 
having an inner peripheral surface formed with 

15 an outer ring raceway, 

a hub having an outer peripheral surface 
formed with a mount flange for wheel support 
on one end side thereof, with an inner ring race- 
way on the other end side thereof, directly ther- 

20 eon or on an inner ring thereon, and with a 

splined bore at a center portion thereof, 
a drive shaft member provided with a splined 
shaft on one end side thereof to form a splined 
engagement portion between the splined shaft 

2S and the splined bore and with a housing portion 

on the other end side thereof, the housing por- 
tion forming an outer ring of the constant veloc- 
ity joint, , 

a plurality of rolling members rotatably provided 
30 between the ouler ring raceway and the inner 

ring raceway, 

the splined shaft having an ouler peripheral sur- 
face formed with an inner engagement portion 
generally circumferentially thereon, 
35 the hub having an inner peripheral surface 

formed with an outer engagement portion gen- 
erally circumferentially thereon at a location in 
alignment with the inner engagement portion, 
a stop ring made of a resilient member and held 
40 between the inner engagement portion and out- 

er engagement portion for positioning the hub 
in the axial direction with reference to the drive 
shaft member, and 

a seal member made of a resilient material and 
45 resiliently held between the hub and the drive 

shaft member to seal the splined engagement 
portion between the splined bore and the 
splined shaft. 

50 2. The axle unit for driving the vehicle wheel of Claim 
1 , wherein the splined engagement portion is pro- 
vided with lubricant. 

3. The axle unit for driving the vehicle wheel of one of 
55 Claims 1 and 2, wherein the splined bore has an 

inner peripherai surface which is quench hardened. 

4. The axle unit for driving the vehicle wheel of one of 



40 



9 0936066A2_ \j> 



23 



45 



EP 0 936 086 A2 



46 



Claims 1 to 3, wherein one of the hub and the drive 
shaft member is axially resiliency held between the 
stop ring and a member provided between the hub 
and the drive shaft member. 

5. The axle unit tor driving the vehicle wheel of Claim 
4, wherein the member provided between the hub 
and the drive shaft member is the seal member of 
an elastomer material, and the elastomer material 
is attached to a metal ring, and one of the elastomer 
material and the metal ring has elasticity to axially 
resiliently hold the one of the hub and the drive shaft 
member between the stop ring and the member pro- 
vided between the hub and the drive shaft member. 

6. The axle unit for driving the vehicle wheel of Claim 
4, wherein the stop ring has elasticity in the axial 
direction, and the one of the hub and the drive shaft 
member is axially resiliently held between the stop 
ring and the member provided between the hub and 
the drive shaft member. 

7. The axle unit for driving the vehicle wheel of Claim 
4, wherein elasticity to resiliently hold the one of the 
hub and the drive shaft member is obtained from a 
member different from the seal member and the 
stop ring. 

8. The axle unit for driving the vehicle wheel ol one of 
Claims 1 to 7, wherein a recessed groove is provid- 
ed at a plurality of locations in the circumferential 
direction at one end of the splined bore for removing 
the stop ring, and the splined bore has a groove bot- 
tom, and the circumscribed circle of the recessed 
grooves has a diameter larger than the diameter of 
the circle defined by the groove bottom of the 
splined bore. 

9. The axle unit for driving the vehicle wheel ol one of 
Claims 1 to 8, wherein a cap for covering the hub 
on the radially inner side thereof is provided at a 
portion close to and opposed to one end face of the 
spline shaft on the axially intermediate portion of the 
hub on the radially inner side thereof. 

10. The axle unit for driving the vehicle wheel of one of 
Claims 1 to 9, wherein the inner peripheral surface 
of the hub is formed with a stepped portion, and the 
stop ring is attached to the outer peripheral surface 
of the drive shaft member and, a spacer is provided 
between the stepped portion and the stop ring. 

11. The axle unit for driving the vehicle wheel of one of 
Claims 1 to 10, wherein the spline shaft has an end 
face portion formed with a recessed hole, and the 
recessed hole has an inner peripheral surface 
formed with an engagement groove which is en- 
gageable with a drawing tool to insert the splined 



shaft into the splined bore. 

12. The axle unit for driving the vehicle wheel of one of 
Claims 1 to 11, wherein the splined engagement 

5 portion is located in a space with an opening on one 
end side thereof, and a cap is provided to cover the 
opening, and the cap has a fitting fixing portion fitted 
into and fixed to a portion on one end side of the 
hub and a covering plate portion for covering the 

10 opening, and the covering plate portion is located 
on the other end side in the axial direction of the 
hub with reference to the fitting fixing portion. 

13. An axle unit for driving a vehicle wheel combined 
is with a constant velocity joint and comprising: 

an outer ring being stationary during use and 
having an inner peripheral surface formed with 
an outer ring raceway, 
20 a hub having an outer peripheral surface 

formed with a mount flange for wheel support 
on one end side thereof, with an inner ring race- 
way on the other end side thereof, directly ther- 
eon or on an inner ring thereon, and with a 
25 splined bore at a center portion thereof, 

a drive shaft member provided with a splined 
shaft on one end side thereof to form a splined 
engagement portion between the splined shaft 
and the splined bore and with a housing portion 
30 on the other end side thereof, the housing por- 

tion forming an outer ring of the constant veloc- 
ity joint, 

the splined shaft having an end face portion 
formed with a hole, on the inner peripheral sur- 
35 face of which an outer engagement portion is 

generally circumferentially formed, 
a plurality of rolling members rotatably provided 
between the outer ring raceway and the inner 
ring raceway, 

40 a coupling shaft member being different from 

the hub and having an outer peripheral surface 
formed with an inner engagement portion gen- 
erally circumferentially at a location in align- 
ment with the outer engagement portion, 
45 a stop ring made of a resilient member and held 

generally between the outer engagement por- 
tion and the inner engagement portion for po- 
sitioning the hub in the axiat direction with ref- 
erence to the coupling shaft member and drive 
so shaft member in the state where part of the hub 

is held in the axial direction from both sides be- 
tween part of the coupling shaft member and 
part of the drive shaft member, and 
a seal member made of a resilient material and 
55 resiliently held between the hub and the drive 

shaft member to seal the splined engagement 
portion between the splined bore and the 
splined shaft. 
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14. The axle unit for driving the vehicle wheel of Claim 
13, wherein the splined engagement portion is pro- 
vided with lubricant. 

15. An axle unit for driving a vehicle wheel combined s 
with a constant velocity joint and comprising: 

an outer ring being stationary during use and 
having an inner peripheral surface formed with 
an outer ring raceway, io 
a hub having an outer peripheral surface 
formed with a mount flange for wheel support 
on one end side thereof, with an inner ring race- 
way on the other end side thereof, directly ther- 
eon or on an inner ring thereon, and with a is 
splined bore at a center portion thereof, 
a drive shaft member provided with a splined 
shaft on one end side thereof to form a splined 
engagement portion between the splined shaft 
and the splined bore and with a housing portion 20 
on the other end side thereof, the housing por- 
tion forming an outer ring of the constant veloc- 
ity joint, 

a plurality of rolling members rotatably provided 
between the outer ring raceway and the inner 2s 
ring raceway, 

a connecting member being different from the 
hub, such that part of the connecting member 
is mounted to the one end of the drive shaft 
member on the one end side thereof, that the 30 
part of the connecting member and part of the 
drive shaft member cooperate with each other 
to position the hub in the axial direction with ref- 
erence to the connecting member and drive 
shaft member, and 35 
a seal member made of a resilient member and 
resiliently held between the hub and the drive 
shaft member such that the spline engagement 
portion between the splined bore and the 
splined shalt is sealed with the seal member. 40 

16. The axle unit for driving the vehicle wheel of Claim 
15, wherein the splined engagement portion is pro- 
vided with lubricant. 

45 

17. The axle unit for driving the vehicle wheel of Claim 
15, wherein the housing portion has an outer pe- 
ripheral surface formed with a brim portion. 
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